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ADVERTISEMENT AND 
DEDICATION. 



After the numerous books of late pttb4 
lished on the subject of agriculture^ and 
particularly those of Mr. Kirwan, Sir Hum- 
phry Davy, Sir John Sinclair, Sir Joseph 
Bankes, and others, at}i0th^r. may appear 
superfluous ; but all who" have read those 
different authors with attention, must have 
been convinced that however elaborate their 
works, there is such a discrepancy in their 
opinions on some of the most important 
operations of agriculture, as to justify an 
attempt to bring them to the test of 
a just investigation and comparison, by 
tracing their principles in their progress 
from cause to effect I am not a pro* 
fessor of chemistry, nor an extensive 
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IV ADVERTISEMENT 

practical agriculturist, nor the member 
of any learned society : and as it is the 
fashion of the times to attach great import- 
ance to such authority, some may consider 
me arrogant, presumptuous, and invidious, 
in attempting to intrude on the public my 
commentaries on the works of such estab- 
lished characters : but I disclaim any other 
intention, than that of ascertaining and 
establishing just principles, and I cannot 
hope to induce any one to adopt my notions 
in preference to others, unless I prove 
theirs to be wrong. My ideas on the sci^ 
ence of horticulture have long been before 
the public ; and the critics remarked on that 
work, that I was more bold than politic : 
but what sort of policy must it be t(f deter 
an Englishman from appearing as the ad- 
vocate of truth and science ? If they mean 
that by my boldness in endeavouring to 
point out what I conceived to be the errors 
of others, and to rectify that which I had 
proved to be bad in practice, I lost the 
patronage of the Horticultural Society of 
London, they may be correct j for this, as a 
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body, I certainly could not obtain, although 
jprevious to the publication of that work, I 
privately submitted the same to some of 
the first public characters, and particularly 
to Sir Humphry Davy, and to the president 
and council of the Horticultural Society* 
Sir Humphry very politely received and 
acknowledged the perusal of my papers, 
and with great liberality stated his admis- 
sion, thiat to that part of my work which 
related to the objects of his peculiar study, 
he found no objection ; at the same time 
excusing himself from giving an opinion 
on the practical part, by observing, he did 
not consider himself possessed of sufficient 
practical knowledge to give it importance, 
and expressed his intention to commend me 
to the president of the Horticultural Society. 
I dedicated my book to the president and 
society, and repeatedly applied to them for 
their opinion, and invited them to an in- 
vestigation of my demonstrations, but which 
they uniformly refused ! Nearly six years 
have now elapsed, and I have never seen 
any comment of his or theirs on it: however,, 
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Tl ADVESTISBMENT 

the public having done me the honour to 
have purchased the first edition, and good 
part of the second, assures me it cannot 
now be suppressed; and whether the im«- 
provements I had established, were or were 
not received and treated as they deserved, 
time will show. Every man has a right to 
confide in' his own understanding, and if 
his conscience does not accuse him of having 
presumed to violate truth, or pluming him«- 
self on his fancied powers, to have imposed 
false and untried theories on the ignorant 
and credulous, he need not fear others. 
Fortune may enable pride and arrogance to 
smother truth and science for a time, but 
in a land of liberty these must ultimately 
establish themselves, however humble their 
immediate patrons. Although the Horti- 
cultural Society of London have refused to 
acknowledge the merit of my arrangement 
and explanation of scientific principles, 
they must ultimately adopt them, or be 
left far in the back ground, and their gar- 
den exhibit a glaring instance of a want 
of candour and liberality in the directors^ 
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Repeated observation and demonstrative 
experiments have convinced me, that al- 
though Sir Humphry Davy's analysis, and 
expositions of chemical principles, are cor-^ 
rect and dear, in his applicaticm of them 
to agricultural practice, and in his infer* 
ences, he is greatly mistaken* 

That althou^ Sir John Sinclair, is copi«- 
ous and minute in his description of agri<- 
cultural operations and practical results, his 
opinions and deductions are erroneous and 
inconclusive. 

That Sir Joseph Bankes, in his opinion 
and description of the rust or black blight 
in wheiit, haa mistaken die efibct for L 
cause, and thus misled the pubHc in their 
endeavours to find a remedy. 

That Mr. Knight's opinions and exposi- 
tions, as quoted by Sir John Sinclair and 
Sir Humphry Davy, are hypothetical and 
fallacious. 

That Bakewell's principles and practice 
in breeding, condemned by Sir John ^Sin*^ 
elair, and neglected by the generality of 
agriculturists, are founded on true scientific 
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Vlll , ADVERTISEMENT 

principles, and are the most correct and 
beneficial that can be followed. 

That the practice of Jethro Tull and 
Mr. Curwen is grounded on just scientific 
principles ; although th^se are not recog. 
nised, or not explained by them. 

That the methods in general practice, of 
preparing and applying manure, are erro- 
neous and imperfect. 

That by the common mode of making 
hay, »ui u„aece.sa,y ri,k and e.pe„,! 
are incurred, and the saccharine and nutri- 
tive principles lessened and dissipat«i 

That every county in England may make 
as good cider as Hereford, Devon, or 
Somerset; and the apple trees may be 
trained so as never to be subjected to the 
injuries of being overloaded with fruit or 
snow, and without incurring additional ex- 
pense. 

And that the defects I have described 
being removed, and the remedies and prac- 
tices I have explained adopted ; much in- 
crease, and more certainty in the produce 
of the land, may be obtained. 



AND DEDICATION. IX 

Then, under such convictions, ought I 
to fear being censured as obtrusive and 
presuming, in thus offering myself to the 
public ? I know, among the practical agri-^ 
culturists, it is a prevailing opinion, that 
no good arises from attending to theorists. 
To these I will beg leave to observe, that 
however repeatedly they may have been 
misled by theory, they cannot be justified 
in opposing or neglecting science; for whilst 
ignorant of this, they are mere imitators, 
and can never be masters of their business. 
And surely, the nobility and gentry, will 
not consider a correct knowledge of the 
relation of effects to their causes, as it 
regards objects which are not only essential 
to their happiness, but to their existence, 
to be beneath their notice ? 

I trust the British public will not con- 
sider me unworthy their attention, be- 
cause I have np great man, or body of men, 
to patroliise my work. At any rate, when 
they consider the result of my having op- 
posed the theories of a great man in my 
former work, they will, perhaps, excuse 
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mey ^ m thus wishing to avoid Inortificatidn, 
and of relying upon their candour and lib^ 
rolcty, by dedicating this work to theoit of 
whom I have the honour to be ooe, 

A&d their very faithfi|l» 

and bumble servatit. 
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INTRODUCTION. 



Agriculture is defined by Mr. Kirwan to 
be << the art of making the earth produce the 
largest crops of useful vegetables at the smallest 
expense ;** but this conveys only a contracted 
and partial idea of that which must be compre- 
hended in the science of husbandry. Vegeta- 
bles, and animals which feed on vegetables, con- 
stitute that produce of the earth which is essen- 
tial to the existence, and requisite to the com- 
forts, of mankind. The art of husbandry is, no 
doubt, simple, if it be considered as limited to 
manual operations only j but the science of hus- 
bandry or agriculture is more properly, a know- 
ledge of the laws of nature which determine 
the existence of both animals and vegetables, 
and particularly of those, which influence and 
govern them in their sexual intercourse and pro- 
pagation, and also in their feeding, lodging, &c« 
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2 INTRODUCTION. 

Sir Humphry Davy very justly observes, " It 
is scarcely possible to enter upon any investiga- 
tion in agriculture without finding it connected, 
more or less, with doctrines or elucidations de- 
rived from chemistry.*' And a chemical examin- 
ation, shows, that the earth is but little con- 
cerned in vegetation, otherwise than as a me- 
dium or vehicle, bed or couch, in and on which, 
the most important operations of nature are 
conducted and performed. 

We are commonly led to consider vegetables 
as the chief produce of the earth ; but vegetables 
and animals are so completely dependent upon 
each other, that before we can affect in any de- 
gree the produce of the one, we must comprehend 
the influence they have each on the other. From 
a great similarity to themselves in nature, man- 
kind were very early enabled to form a clear com- 
prehension of the general functions of animals^ 
in regard to their food, and as they are influenced 
by climate j also, of the difference in the sexes, 
and the natural result of their intercourse : but it 
was not understood until a much later period, 
that the general functions of vegetables are in 
every respect similar to those of animals, and 
that the operations of nature regarding botli» 
are regulated by much the same laws } this,, how- 
ever, is now clearly demonstrated. 
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As some portions of the earth, in the produc- 
tion of animals and vegetables, conduce more to 
the supplying the wants of mankind than others, 
so are some species of animals and vegetables 
more productive and eligible than others, and 
not only one species more so than another, but 
some varieties of the same species are more valu- 
ably than others j therefore it must be obvious, 
that as yvell as enquiring into the general nature 
and various qualities of the earth, we must also 
enquire into and ascertain, the qualities of those 
varieties of animals and vegetables which are the 
most conducive to our wants, and what causes 
produce those varieties, or diminish or increase 
their peculiar qualities. But as the qualities which 
give value to the different varieties of animals and 
vegetables must depend on peculiar circumstances, 
it can be of little use in a work like this, to attempt 
a particular description of these : and although 
it is obvious, that the physiology of both animals 
and vegetables form the fundamental principles 
of the science of husbandry, it does not follow 
that it must also comprehend a knowledge of the 
comparative anatomy of either animals or vege- 
tables ; this is of trifling consequence to the hus- 
bandman. I shall therefore interfere very litfle 
with the departments of zoology or botany. 
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GENERAL VIEW OF THE SUBJECT, 

It appears that a difference in the species only 
of animals and vegetables was originally created, 
and that the different varieties were left to be 
determined by the casual or accidental com- 
binations and operations of original principles or 
causes. In the production of variety in ani- 
mals and vegetables, no doubt climate has the 
preponderating influence, and next to this food 
and lodging ; but in the general course of nature, 
these three grand principles operate in unisoii, 
and when all concur in one effect, the greatest 
distinctions are produced. 

Food being the most effective and essential 
cause of variety in the value of animals, this has 
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6 GENERAL XIEW OF THE SUBJECT. 

commanded more attention than the operation 
of climate and lodging in respect to animals : 
and climate and lodging being the more imme- 
diate, effective, and obvious cause of the variety 
and value of vegetables, these have commanded 
more attention than food in respect to vegetables. 
But to avail ourselves of the full advantage al- 
lowed by nature, food, climate, and lodging, 
both as they affect the one and the other, must 
be clearly understood and equally attended to. 

The general progress of nature is uniform; 
and in the continuation of her works, as if to 
avoid the disorderly effect of an extreme indulg- 
ence, or the capricious negligence of individuals, 
the sexes were created, and it was ordained that 
a junction of the two should be necessary for the 
production of one individual ; and that in their 
offspring, the habits and propensities of both male 
and ifemale should be blended. 

And further to protect her creatures from ca- 
sual injury arising from a change of food, lodging, 
and climate, the habits of both animals and ve- 
getables are made subservient to such changes : 
thus, the continuation of a superabundance of 
food produces an increase in size, and a defici- 
ency of food a decrease j a cold and a hot climate, 
and a wet and a dry lodging, each produces a 
coat or covering for the body, and a tempera- 
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gi:n£Ral view of the subject. 7 

ment of constitution best adapted to counteract 
extremes: these things, th^efore, form most 
important objects of consideration. 

Animala and ve^getajbles administer to the wants 
of mankind in various way^ j some by their fl^b, 
or the immediate ^ubstaijce pf their bodies ; 
others by thek offspring and seed, or the food 
provided by nature for their Q®pring ; others, 
again, by their exterior covering, and others by 
assisting man in his labour, and contributing to 
his pleasures : therefore, in breeding and feeding 
both animals and vegetables, due regard must be 
paid to the peculiar object desired. And as na- 
ture ever determines the end to the means, the 
attention of the agriculturists must be directed 
to the adapting their means to the end in view. 

Nature is ever kind and liberal in providing 
for the necessities of her creatures ; and being 
always inclined to make an exuberant return in 
her productions, for extra aid, she thus gives to 
mankind an opportunity to avail themselves of 
such propensities : by removing obstructions, and 
favouring and protecting the general operations 
of nature, and suppljdng the deficiency of any 
needful support, they may increase their means 
of subsistence and enjoyment. 

But although mankind are tRus blessed by an all- 
bountiful Providence, their power is prescribed, 
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8 GENERAL VIEW OF THE SUBJECT. 

and they are not permitted to act in opposition to 
the laws of nature with impunity; whenever, 
therefore, they presume to interfere with the 
operations of nature, with a view to produce any 
beneficial or certain effect, they must pay all due 
deference to her laws ; all attempts to produce 
sudden and abrupt changes, and wide extremes, 
must be avoided : by assisting nature certain ob- 
jects may be obtained, but attempts to force or 
oppose her, generally produce disorder, and 
often destruction. 

These preliminary observations naturally lead 
to the three following grand divisions of the 
subject : — ^viz. 

The breeding and raising of vegetables j • 
The breeding and rearing of animals ; 
And, as connected with both these, — The 
cultivation of the earth, or the producing and 
preparing food and lodging for both. 

In this order I shall proceed to consider and 
arrange my observations. 
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ON BREEDING AND RAISING VEGETABLES. 

The nature of the sexual intercourse, in the 
propagation of animals, may be considered as too 
well understood to need a minute explanation ; 
but of the necessity of the sexual intercourse, in 
the propagation of vegetables, many are still ig- 
norant I may therefore, perhaps, be excused for 
intruding some observations on this part of the 
subject, and for giving extracts from prece-, 
ding authors. 

It may be but of trifling importance, who was 
the first that discovered, the existence of a differ- 
ence in the sexes in vegetables ; but as Bradley, 
in a work on the improvement of planting and t 
gardening, published in 17^0, seems to have 
been one of the first English authors who wrote 
on the subject, and as his description is clear 
and simple, I shall give it in his own language. 

He says, " I hope to be excused, if in the 
" explanation of this wonderful mystery of the 
"generation of plants, I shall be found to intra- 
** duce such kind of plants as are not to be found 
" in forests, and to make some of my experi- 
" ments in the orchard and kitchen-garden. 
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•* Moses tells us, in his account of the creation, 
"that plants have their seeds within themselves ; 
" that is, every plant contains in itself, male and 
" female powers. The text he has given us, 
" seemed to be explained by this discovery, and 
^« may l^d us to consider, that plants wanting 
" local motion, require therefore this union of 
sexes in themselves; by which means they 
may generate without the neighbourhood of 
*• other plants* But before I proceed to explain 
•* this new system, I think myself obliged to de-? 
^ clare, that the first time this secret was oom-* 
^ mumcated to me, was several years ago> by a 
worthy member of the Royal Society, Robert 
Yates, Esq., who has had this nation for above 
** thirty years, that plants had a mode of ge-> 
** nerating somewhat analogous to that of om- 
mals* The light which I received from this 
gentleman was afterwards further explained by 
•^ another learned member ok* that society, Mn 
<^ Samuel Moreland, who in the Fhil(»q)bical 
♦* Transactions, 1708, has given us to uoderstand 
•* how the dust of the apices of male flowers is 
" conveyed into the uterus, or vasculum semi- 
** nale of a plant ; by which means the seeds 
^'therein contained are impregnated. I then 
" made it my business to search after this truth, 
" and have had the good fortune enough to bring 
" it to demonstration by several experiments. 
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ON BREEDING AND RAISING VEGETABLES. 11 

" But to come to the point : the lily being a 
" flower more generally known than any other, 
" and the generative parts being large and ex- 
" posed, I shall from thence endeavour to explain 
"the method which nature makes use of, to 
" impregnate the seeds of that and every other 
" plant ; and by which means the several species 
"of vegetables have been continued to the 
" World. 



" The flower of the lily has six leaves or petals, 
" which are set upon the summit of the foot-stalk, 
"marked a in the- figure j they serve to guard 
" the parts of generation from the injury of 
"the weather, and as they are no other use, 
■* that I know of, so it is not necessary that I 
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•* should place them in the figure, h is the 
"mouth of the pistilium, or passage, which leads 
•* to the uterus c, in which are these ovaries 
" filled with little eggs, or the rudiments of seeds, 
" such as we find in the ovaria of animals : but 
*^ these eggs will decay and come to nothing, 
" unless they are impregnated by the farina fe- 
" cundans, or male seed of the same plant, or 
** one of the same sort. 

"From rf to e is the stamen of the lily, 
" through which the male seed of the plant is 
"conveyed, to be perfected in the apex J^; 
" where by the sun's heat it ripens, and bursts 
" forth in very minute particles like dust ; some 
"particles of which powder falling upon the 
" orifice J, is either conveyed from thence into 
" the vesicle c, or by its magnetic virtue draws 
"the nourishment with great force from the 
" other parts of the plant into the embryos of 
** the fruit, and makes them swell. 

** Now that the farina fecundans, or male dust, 
has a magnetic virtue, is evident, for it is that 
only which bees gather and lodge in the cavi- 
" ties of their hind legs to make their wax with ; 
*• and it is well known, that wax when it is warm 
" will attract to it any light body." 

Whatever may be thought of magnetic power, 
the wise providence of nature is here wonder- 
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ON BREEDING AND RAISING VEGETABLES. 18 

fully displayed, by guarding in a different and 
more certain manner against casual obstruction, 
as well as the inability of a plant to bring toge- 
ther the necessary parts formed for the propaga- 
tion of its species. Every flower is furnished 
with a receptacle, called the nectarium, wherein 
is secreted, an odoriferous and very sweet liquid, 
which attracts, and serves for the food of bees, 
and other insects ; and these vessels are always 
placed below the apices and the pistilium, so that 
the insects in their endeavours to obtain their 
nectar, must pass over, and between, the apices, 
and also the pistilium ; and the farina or dust 
stidcing about them, is thus conveyed to the 
mouth of the pistilium, and the process of 
impregnation performed ; without this assist- 
ance, there are some plants which could scarcely 
ever be brought together, or impregnated ;. for 
instance, the cucumber and the melon, and all 
others of this tribe of plants, which have distinct 
male and female blossoms, when growing in si- 
tuations where the wind has no power to dis- 
perse the farina. 

As an elucidation of this, I may mention the 
progress and result of the following experiment : 
being desirous to obtain seed from a peculiar 
head of broccoli, and well aware that the inter- 
course of bees would occasion the seed to be 
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different to the mother plant, I surrounded the 
sides of the plant with a frame of gauze, suifi*- 
ciently open to admit a free change of air, and 
placed a hand glass on the top, and the conse- 
quence was, not a single seed was formed ; ob« 
serving the failure, I removed the covering, and 
gave free access to the bees, &c*, when a few 
remaining blossoms immediately fructified, and 
produced full pods of seed. 

Bradley proceeds, •♦ But again, if the parti- 
" cles of this powder should be required by na- 
ture to pass into the ovaries of the plant, and 
even into the several eggs or seeds there 
" contained, we may easily perceive, if we split 
^* the pistilium of a flower, that nature has pro- 
<^ vided a sufficient passage for it into the 
" uterus. 

" In the first figure I have given a design of 
** one stamen, with its apex, to prevent mistakes 
" in my explanation ; but the flower of every lily 
** has six of the same figure and use, which are 
<< placed round about the pistilium or female 
<^ parts, so that it is almost impossible it should 
" escape from receiving some of the male dust, 
^* or farina fecundans, falling upon it 

" In this and other flowers of the same nature,, 
<< the pistilium is always so placed that the apices 
** which surround it are equal in height with it, 
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" or above it, so that their dust naturally falls 
** upon it J and when we observe it to be longer 
^* than the apices, we may then conjecture that 
** the fruit has begun to form itself^ and has no 
** longer occasion of the male dust And it is 
" likewise obseivable, that as soon as the work 
" of generation is performed, the male parts, 
" together with the leaves or covering, fall ofi^ 
^< and the pipe leading to the uterus begins to 
" shrink. We may further remark, that the top 
" of the pistilium of every flower is either co* 
" vered with a sort of velvet tunick, or emits a 

gummy liquor, the better to catch the dust of 

the apices. 

" And now, as we find in the description I 
" have given of the lily, that the uterus is within 
" the flower, so, on the other hand, the uterus 
" of the rose is without the flower, at the bottom 

of the petals or flower-leaves. And likewise 

in fruit-trees, the cherries, plums, and some 
" others, have their utricles within their flowers j 
" and the gooseberry, currant, apples, and pears, 
" on the outside or bottom of their flowers. 

" But further, although nature has designed 
" the dust of the apices to fecundate the female 
" parts, contained in the flowers of plants, yet 
<' we observe, that in some plants the male and 
'< female parts are remote from each other ; as. 
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16 ON BREEDING AND RAISING VEGETABJLES. 

" for example, the gourd, pompion, melon, cu- 
" cumber, and all of that race, have blossoms 
" distinctly male and female upon the same 
" plant : the male blossopis may be distinguished 
" from the others, in that they have not any 
pistil or rudiment of fruit about them, but 
have only a large thrum, covered with dust, 
in their middle ; the female blossom of these 
" has a pistilium within the petals or flower- 
" leaves, and the rudiment of their fruit always 
" apparent at the bottom of the flower before 
" it opens. And so in like manner all nut-bear- 
" ing and mast-bearing trees have their catkins, 
" or male blossoms, remote from the female 
" parts. 

" The oak, for example, which blossoms in 
" May, has its male parts distant from the 
** acorns. We find little strings of farinaceous 
" iflowers in great abundance, remote from the 
" rudiments of the acorns or fruit. 

" When we view with a good microscope the 
" male dust of one small plant, we find every 
" particle of it to be of the same size and figure. 
" But in some cases it is of two colours, as in 
the tulip, where it is yellow and blue. 

I shall proceed to demonstrate part of this 
system. I made my first exjeriment upon the 
tulip; which I chose rather than any other 
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•* piatit) because it seldom misses to produce 
" seed. Sev'eral years ago I had the conveni- 
ency of a large garden^ wherein there was a 
large bed of tulips ; in one part, containing 
" abot^e 400 roots ; in another p^ of it, very 
remote from the former, \rere twelve tulips iti 
perfect health. At the first opening of the 
•* twelve, which I was very careful to observe, 
" I cautiously took out of them all their apices; 
" before the farina fecutidans was ripe, or any 
"ways appeared. These tulips, being thus cas^. 
^ trated, bore no *ed that summer j while, on 
« the other hand, every one of the 400 plants 
which I had let alone produced seed. 
*< By this knowledge we may, perhaps, alter 
the property and taste of any fruit, by impreg^ 
waiting the one with the farina of another of 
" the' sattie dass : as, for example, a codlin with 
" A pearmain, which will occasion the codlin so 
" impregnated to last a longer time than usual, 
"and be of a sharped taste; or if the winter 

": fruits should be fecundated with the dust of 

> 

" the summer kinds, they will decay before their 
" usual time. And it is from this accidental 
" coupling of the farina one with the other, that 
** in an orchard, where there is variety of apples, 
"even the fruit gp,thered from the same tree 
" diffisr in their flavour and times of rip^aing j 
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and, moreover, the seeds of those apples so 
generated being changed by that means from 
<^ their natural qualities, will produce different 
*^ kinds of fruits if they are sown. It is from 
'< the accidental coupling that proceeds the 
"numberless varieties of fruit and flowers which 
" are raised every day from seed.'' 

The latter part of these observationsi no doubt, 
are correct; but in his supposition, that the 
coupling of the farina changes the. flavour or the 
general qualities of the immediate fruit, this 
author is mistaken, as it produces no such efiect. 
The change takes place in the seed alone, and, 
therefore, can only be discoverable in the next 
generation. By this accidental coupling, there 
can be no doubt, but that variety in every species, 
is principally produced ; and by taking advan- 
tage of this, and directing, and partially dfvert- 
ing, the usual course of nature, . changes in the 
habits, and general properties of vegetables, and 
their fruits, may be produced, as well as in 
animals. By admixing the farina of the blossoms, 
and planting the seeds, varieties of potatoes are 
obtained; but no variety can be. obtained by 
planting the potatoes themselves, either by vary- 
ing the soil or mode of culture. And the same 
may be said of apples, and qjthet fruits ; for. let 
trees be propagated in whatever numbers, by 
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engrafting or budding, and on whatever stocks, 
or by whatever means, it will create no variety 
in the fruit. 

It thus appears, that mankind possess the 
same influence over the sexual intercourse of 
vegetables, as over that of animals ; and, conse- 
quently, they have it as much in their power, to 
raise and establish peculiar varieties in the one, 
as in the other, and upon the same principlesi 
viz, that of selecting and pairing the males and 
females. And if it be desired to exert this in- 
fluence, the process may be easily conducted^ 
in the following manner : — a blossom being se- 
lected for a female, wMch has in itself the male 
and female organs, as soon as the bud is ad- 
vanced to the state of being on the point to 
open or blow, the petals or flower-leaves must 
be opened, and the apices or anthers taken off; 
the blossom may then be left a day or two, until 
the petals have expanded themselves, and the 
pistilium be advanced to a state fit for impreg- 
nation ; then, a blossom being selected for a 
male, when in full bloom, it must be taken off 
the parent plant, and its apices, or anthers, gently 
rubbed over the point, or end, of the pistilium of 
the prepared female blossom, so that the farina, 
or dust, may attache itself to it ; after this, the 
female must be defended against the intrusion 
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of beesy or such like insects, or placed out of the 
danger of being otherwise promiscuously impreg- 
nated. It is by a close attention to these laws 
of nature, that so many valuable varieties of 
pulse, grain, fruit, roots, and esculent vegeta- 
bles, have of late been raised and obtained*. 
It must alsp be observed, that by firequently 
propagating from seeds, carefully selected from 
those plants, which possess the most desirable 
qualities, — even though there be no intended 
crossing or mixing of farina to produce varie- 
ty, — the most valuable habits of any species^ 
may be improved and increased; and particu*- 
larly by their being naturalised, and enabled to 
adapt themselves to flourish, in any peculiar soil 
or climate. 
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Although tibe difference in the sexes^ appears 
to be more strongly marked in animals^ than in 
vegetables ; the laws of nature, as they regard 
tine result of their connection^ are much the same 
in both. 

On d^ subject of breedings Sir Jdhn Sinclair 
says, " The art of improved breeding consists in 
<< making a careful selection of males and fe« 
^* males, for ihe purpose of breeding stock 
** with fewer defects, and with greater p6rfec- 
«< tions, than their parents, in which their ihu* 
<< tnal properties shall be continued, and their 
^* mutual fitults corrected. 

** The objects of improved breeding, therefore . 
" are to deviate defects, and to acquire and per- 
*< petuate desirable properties ; hence, when a 
<< race of animals have possessed in a great de- 
<< gree, through several generations, the proper- 
<* ties which it is our object to obtain, theii' 
'< progeny are said to be well bred, and thei^ 
" stock may be relied on/' 

^< It was upon this principle of selection thart 
" Bakewell formed his celebrated stock of sheep, 
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having spared no pains or expense in obtain- 
ing the choicest individuals, from all the best 
kinds . of long or combing woolled sheep, 
wherever they were met with : and it cannot 
be doubted, that any breed may be improved in 
the same manner ; namely, that of putting the 
^ best males to the finest females. After a su- 
*< perior breed, however, has been thus obtained, 
it is a point that has been much disputed, 
whether it is proper to raise stock ; 1st, from 
** the same family ; or, 2d, from the same 
** race, but of different families j or, 3d, from 
" races entirely different." 

This explanation of Sir John Sinclair, without 
doubt, is clear enough ; but as he found . the 
subject much disputed, so he seems to have left 
it, at any rate, but resting on very indetermi- 
nate grounds ; for although he gives an ample 
detail of the observations, and practical results, 
of many of the most eminent men. on both sides 
the question, his own conclusions are by no 
means demonstrated, but calculated to confuse 
and mislead ; for he further says, '' On breeding 
<< from the same family—- this method is called, 
** breeding in and in, or putting animals of the 
** nearest relationship together : though this 
«< plan was for some time in fashion, under the 
sanction of Bakewell's authority, yet experi- 
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** ence has now proved, that it cannot be suc- 
" cessfiilly persevered in.** 

This conclusion, in a general sense, cannot be 
admitted, but we may, indeed, adAiit, that there 
are bounds, beyond which we cannot force na- 
ture, for having reached the point of perfec- 
tion, there we must stop ; we cannot proceed 
farther. 

Sir John should also have stated, what appears 
to have been the fact, that Bakewell, not oiily se- 
lected the finest males and females, but he spared 
neither pains nor expense, in furnishing and adapt- 
ing, such climate, lodging, and food, as appeared 
most conducive to the forwarding his object; 
and then, .it might have been remarked, that the 
pains and expense thus incurred by Bakewell, 
to obtain his object, was so great, that the no- 
velty alone of his produce, could command an 
adequate return ; and this, perhaps, may be a 
sufficient reason, why his plans could not be 
considered as eligible to be generally followed^ 
but it does not furnish just grounds for con- 
demning the principle, of breeding in and in, 
altogether. 

After a perfect stock has been obtained, how 
is it to be continued ? This seems to be the grand 
question, and it only can be answered on the 
principles before explained, viz. by duly attend*- 
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ing tQ their qijalities and habits, when selecting 
the breeders ^ and again, to the means, by which 
tho8^ qualities and habits are sustained* If great 
size be the valuable qiuality, ^pd the utmost 
nature will admit of) has been produced by an 
artificial clii^ate and lodging, and a selection of 
food, it must be pbvious, tliat with the same 
climate, lodging, and food, the same stocl^ ^ay 
be kept up, by breeding in and in j but with a 
less congenial climate, lodging, and food, the 
progeny of such apimalfi, must decline, and be^ 
cpme less in size ; and at the same time, it 
might be observed, that under tiiope circumr 
istances, no crossing om kegp up the sijze aqd pro* 
pensities. And again, if animals or vegetf^bles^ cf 
whatever si^, br^d in ^ certain climate, ^ndwith 
certain lodging and food, c£|.n be furnished with 
a lodging) climate^ and foods more congenial ^nd 
nutritive, they may be inpre^ised and improved> 
by breeding in and in« 

, Sir John proceedsf, r-r <* It flasiy, indeed, prove 
^^ beneficial, if not carried top far, in iiprig any 
" variety that may be thpught v^u^l^e, but on 
<* the whole it is only in appearance. Under 
<< this system* the yotmg animal comes into the 
<^ world en cpnqiaratively a very spi^Jl acfi^ ; by 
<< keeping it fat frqm the i^st mpn^ents pf its ex- 
*< iistence, it is ma4e to attain a greater siz0 than 
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<< nature intended ; and its weight, in conse- 
" quence, will be v^ry great in proportion to the 
<< 9ize of itB J>ones, Tfan^ a generation of aoi*- 
<< mals of nn e^s^traordinaiy fornif and saleable et 
^< ^norgiom; prLcess, may be obtained, but that 
<< does not prove that the practice is eligible, if 
" long persisted in ; on the contrary, if the system 
*^ be followed up, the stock get tender and deli- 
** cate $ they become bad breeders, and though 
" they retain their shape and beauty, they will 
*' decrease in vigour ^nd activity, will become 
*^ lean and dwarfish, and ultimately incapable of 
" continuing the race/' 

If a sta^iking instance, not only of the sb^ 
senpe of physiological principles, m the appli- 
cation of practical observation, but of the sub- 
stitution of speculative opinion, was necessary, 
to prove a want of scientific arrangement, in Sir 
John Sinclair, mirely this must be sufficient 5 
and if such ^gum^nts as the following, against 
the attempt to produce a certain effect, are per- 
mitted to influence opinion, and such causes be 
assigned, as these, *^it k i^vs made to attain a 
** grmter m^ than nature intendedf'* agriculture 
might, indeed, continue to be mere speculation 
and uncertainty. 

But even were such observations, construed 

» 

in the most favourable manner^ they apply par- 
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tially only, as they are descriptive of the effect of 
injudicious selection, and of artificial feeding, and 
do not prove the cause of defection, to be in the 
general principle, of breeding in and in. 

It appears, that Bakewell well knew how far 
he could lead nature ; and so far from his results 
proving the insufficiency, of breeding in and in 
to produce perfection, it completely establishes 
the fact, that such an object cannot be obtained, 
with equal facility, by any other means. 

It [must be admitted, that more valuable 
animals in themselves, never were produced, 
than those bred by Bakewell j but the old 
maxim no doubt is good, ** You may purchase 
" gold too dear/' However, as before observed, 
Bakewell had an object in view, and to ob- 
tain this, every advantage of artificial climate, 
food, and lodging, were resorted to, regardless 
of expense; and so long as he could furnish 
exuberance in food, climate, and lodging, he 
found an exuberance in the flesh and size of his 
animals returned ; but when his . means of 
increase were exhausted, nature made a stand — 
she never went ^^ farther than she intended.^' 
I once heard of a farmer, who, ambitious to 
excel, purchased a bull from Bakewell, or some 
such fancy breeder, and after having kept him 
for some time, the beast l(ftt flesh, and became 
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weak and languid ; the fanner on meeting 
with his .fortner feeder, complained that the ani- 
mal was fast declining, although he had plenty 
of grass, hay, &c. the feeder told the fanner, 
that grass and hay were not sufficient ; for besides 
these, he had been fed on grain, and had also 
been indulged with a pail of milk every day, 
from the time of quitting his mother. This suf- 
ficiently shows the folly of carrying things to 
such extremes for general purposes ; but it does 
not prove Bakewell, to have been erroneous in 
his judgment, nor does it detract from the prin- 
ciple of breeding in and in. 

It is the general practice of sheep farmers to 
purchase their rams from professed breeders, at 
enormous prices, and these, which are bred 
under peculiar indulgencies, are always kept 
away from the flock, with an extra allowance of 
the best food, such as grain, pulse, &c., and 
frequently, also, are allowed the shelter of a 
house ; the consequence is, that their stocks are 
always lean and long, and large in their bones, 
and unequal to sustain the hardships of the 
natural climate, lodging, and food, with health 
and vigour; and hence it is obvious, that the 
practice of crossing is not only attended with 
much useless expence, but that it obstnlcts what 
ought to be the object of every rational farmer 
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to obtain, viz., the possession of a stocky in evi^y 
respect ad^ted to liie nature, and localities, of 
his situation and circumstances. 

Sir John Sinclair also says, ** Sir John Sea- 
^^ bright tried many experiments^ by breeding in 
<< and in, with dogs, fowls, and pigeons, and 
<^ £>und the breeds uniformly degenerate/' But 
it may be remarked, that pigeons, dogs, and fowls, 
from their long domestication, are already as much 
removed from a state of nature, as nature will 
admit of; and being bred and fed more to please 
the &ncy than for any defined object, it frequently 
happens that the most desired qualities are the 
effect of disease or distortion ; and, therefore, on 
ihe principles laid down, it might be expected, 
that weak, diseased, or ddSsctive males and fe« 
males being selected and paired, would produce 
those that are still more so. 

Sir John Sinclair again sajrs, << A g^itieman 
<* who tried the experiment with pigs, brought 
<< them at last into such a state, that the female 
<* gave over breeding almost entirely, and when 
<< they did breed, their produce was so small 
^ and delicate, tliat they died as soon as they 
" were • bom/* Here also an ej^^t is mistaken 
for a came ; these failures evidently arose from 
original defect, and a pecuHar selection in pair-* 
ing having been carried to an extreme, and 
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not solely on the principle of breeding in and 
in ; no doubt, in the pursuit of this principle, 
there are, as in every process, two extremes and 
a medium. 

As for dogs, I knew a gentleman^ who by, 
crossing had lost the valuable qualities of hi£h 
greyhounds, whieh determined' him to try back, 
by breeding from the nearest blood, and he sue*' 
ceeded, and recovered his lost excellence. And 
Samuel Emley, Esq. of Salisbury, assured me^ 
he bred in and in, with the same family,, both 
pointers and spaniels, for thirty years^ and never 
found them degenerate. 

No opinion is more ccmimon^ than that game- 
cocka will degenerate^ when bred in and in ^ but 
haying asked difi^ent breeders, in what points 
they have been found to degenerate, I was an- 
swered by dne,. that those so bred, would stand 
up till killed^ but that they had no spirit or ac- 
tivity ; whilst the other asserted, that they were 
all activity, spirit, and dash, at the onset; but 
guve in after a blow or two^ I have also re- 
peat6dly he^d liie same inconsisteat ot^ecticoiB 
made to breeding in and m with greyhoimds^ 
one party aaserti^gt that those so bced^^ have 
great speed, but no bottom^ whilst anoliier states^ 
that they have no activity, or spe^d^ but wiU run 
till death. 
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There can be no doubt, but that all these 
failures may occur, when breeding in and in, 
but they are clearly the effect of improper se- 
lection, and establish no grounds of objection, 
that will not as justly attach to the principle of 
cross breeding. 

In breeding animals for fattening, it is the 
usual practice to select those for breeders, that 
discover the greatest propensity to fatten or 
grow fleshy, and such animals are generally 
uncertain and bad breeders, and alwa3rs bad 
nurses ; and this rests on the principle I have 
stated. The female being selected, as one in 
whom the exuberance of nature is in her flesh, 
Bud whose food is appropriated entirely to the 
increase of this, her powers of conception are 
obstructed, and her young, neither during her 
pregnancy, nor after their birth, can be for- 
nished by her with the nourishment necessary 
to support them ; and sterility in the female, 
and disorder and want of size and strength in 
her progeny, must be the result. But after their 
birtii, the wants of nature in food and tempe- 
rature, may be artificially supplied to the young, 
and they may thus be reared, with all tiie appa- 
rent qualities of their progenitors. 

I obtained a sow pig, of a breed peculiar for their 
propensity to fatten, from Mr* Hodgson. This 
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creature kept in high condition, even when fed 
on grass alone, or simple wash and grains ; but 
she never produced more than seven young 
ones at a farrow, and two or three of those 
were generally starved to death for want of her 
producing milk, all her food being appropriated 
to the increase of her own flesh, instead of fur- 
nishing sustenance for her young ones; and 
whatever boar was put to her, made no • differ- 
ence in this respect, but I never obtained any 
young ones, that possessed in an equal degree 
her own propensities and shape, except when 
put to her own son. I also obtained another 
sow, of a very different breed, but of equally 
strong propensities to fatten, and valuable pro- 
portions, and although this animal was regularly 
in season for more than twelve months, and put 
to different boars, she never would breed. Such 
a -sort of pigs would certainly not answer to 
keep as breeders of stock for a market, but to 
purchase for fattening, they were worth 25 per 
cent, more than any others I ever possessed. 
Such peculiarities were, no doubt, produced by 
breeding in and in, and could not have been 
by any other means, but it ws^ also more imme- 
diately the effect of selection. Animals possess- 
ing the opposite propensities, that of breidiag 
great numbers, with large bonei and such as 
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are alao with difficulty furnished with flesh, 
may of course be produced, by observing the 
same principles. 

Sir John Sinclair likewise says, ^* Mr. Knight's 
^^ experiments with plants have fiiUy convinced 
^^ him^ that in the vegetable as well as the ani^ 
<^mal kingdom, the offipring of a male i^ad 
<^ female, not related, will possess more sfarengfih 
<* and vigour than when they are of the ^ame 
<< family,, which proved how unprofitable such 
** connections are.*^ 

Peculiar cases may have occurred, partially 
to sustain such remarks^ but these cannot justify 
such a general conclusi<»i« The terms <^ more 
strength and vigour,'' can> only be understood 
BB comparativa If a male firom a plant of vi- 
gorous habits and full health, be coupled with 
a female of languid habits and bad health, is it 
to be^ expected that th& o£fepring will be more 
vigorous and healthy than the male parent? 
Surely not; it would be as contrary to natmre 
as to reason^:* it might be more so than tl^ 
female,' but this* does no|^ justify such a general. 
Goneluinoni 

And fucthep,* Sir Johni says^ << A change ei 
<^ seed is in general advant^eous^ in Tegserd} 
^ihttik to anittnis and vqgetableflTf hence many 
<« fanners are indncedt not onfy to change the 
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* seed of the kind of grain they cultivate, but 
^ to procure males from the flocks and herds 

* of those who have the same, or similar with 

* their own. It has been remarked that those 

* farmers have in general the worst flocks, who 
^ bred from rams produced on th^ own farms, 
< and that an interchange of males is mutually 

* beneficial/* 

These observations, like many others of Sir 
John Sinclair, are calculated more to mislead, 
than to inform, the ignorant agriculturist, for 
instead of grounding his judgment and prac- 
tice, on the established jprinciples of science, he 
is here recommended to rely on blind chancy,* 
or the casual observation and imitation of others. 

By crossing different varieties of vegetables, 
no doubt, other varieties may be obtained, and, 
perhaps, such as possess more valuable qualities 
than the parent plants ^ but with vegetables as 
with animals, food and climate, possess the 
greatest influence, in varying their qualities; thus 
the seeds of plants, transplanted from a sterile 
soil and uncongenial climate, to a luxuriant soil 
and congenial climate, will increase in the luxu- 
riance of their produce, with every generation, 
until they have reached the bounds prescribed 
by nature, and vice versa. 

Sir Humphry D^vy very justly observes, 
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*^ As plants are capable of amelioration, by pe- 
" culiar methods of cultivation, and of having 
" the natural term of their duration extended, 
" so in conformity to the genera! law of change 
" they are rendered unhealthy, by being ex- 
** posed to peculiar unfavourable circumstHi^ces^ 
^* and liable to premature oM age and decay* 

" The plants of warm climates transported 
♦* into cold ones, or of cold ones transported 

into warm ones, if not absolutely destroyed 

by the ckaBge of situation, are unifornily ren- 
" dered unhealthy/' 

A difference in opimbii may always h^ ex- 
pected to exist, as to the form and colour that 
constitutes the beauty of animals, as well ^ ve-. 
getables, but it cannot be denied that the grand 
pbject of agriculture^ should be a profitable pro^ 
duice. The mode of attaining this object^ no 
doubly will be determined^ in a great measure, 
■ by peculiarity, of situation and cirtumstanQesj 
hu^t taking it for granted .that every agriqulturist 
must be desirous of keeping up the good qua;- 
Uties, if not of improvittg his stock, the only 
questions that can aris^ are^ What is qi^ im- 
prov^tnent ? mdx What will produce profit ? Ap4 
let'tim be det^mined as it may^perfeetiip^can 
only be obtained by a selection of breeders. 

If a greater or less size be required, stronger 
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propensities, or greater and more perfect health 
and vigour, the object must be obtained by se- 
lecting and pairing those males and females 
which possess in the greatest degree the feqiifisite 
qualities, whether cfossing be resorted to, or 
breeding in and in. 

When left to nature it is always determined 
one way ; those which are rendered the weakest, 
from whateVei' cause, are driven off/ or down, by 
the strongest and most vigorous :' and as all have 
to contend with the same climatie, lod^ng, and 
food, those possessing the best habits must al- 
ways prevail, and consequently the breed must 
be kept up to its greatest perfection. Aiid that 
an adherence to those principles which are the 
most congenial to the laws of nature is the most 
profitable, is clearly established by practical de- 
monstration. 

It is well knowuj that there are many farms, 
and many large districts that never do fatten 
their stock, and indeed are considered -and 
found inadequate to it ; and what other cause 
can be assigned for this, but that the stock are 
bred by continual crossing with males reared 
under advantages of superior lodging, food, land 
climate, to what such farms and districts natu- 
rally produce ? As Sir John Sinclair observes, 
animals bred from the same family, and selected 
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for their peculiar propensities to fatten, have a 
large proportion of flesh, and but little bone ; 
so, on the contrary, animals bred fi;om meagre 
females^ living in a harsh climate, and with a 
scanty supply of food, by crossing with males 
of the largest size, produced by superior food, 
and in a climate more congenial, have a large 
proportion of bone, and but little flesh, and pos- 
sess withal a more delicate and precarious state 
of health. Any land whatever, that will furnish 
food enough to maintain two animals in a state for 
breeding, and with a climate and lod^ng requi^ 
site to sustain health and vigour, will be found 
equal to the fattening an animal tiiat had beeft 
naturalised to it by breeding in and in for several 
generations. Every farm may be considered as 
having its peculiar advantages and disadvantages, 
compared with others, and a profit can only 
arise from a skilful observance and management 
of these. 

There does not exist a more mistaken notion, 
than that the stock of one farm may be kept equal 
to every other, by crossing and changing the ani- 
mals and seeds only. It has been well observed, 
that " Nature provides every creature with a 
" shelter from the storm.** If a male and female 
of any species of animal or plant be bred under 
circumstances of a congenial climate, and a libe- 
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ral supply of food, and afterwards placed in a 
situation where the climate is harsh, and the 
supply of food scanty, they must of necessity de- 
cline in flesh, and in health and vigour : but 
their young, bred under those circumstances of 
privation will acquire habits, and be reduced 
to a size, more conformable ; and these again 
breeding in and in, the habits of their progeny 
will still: become better adapted, until, by de- 
grees, they will become perfectly inured and na- 
turalised, and capable of making the utmost 
return the farm is equal to, and at the least 
expense. But if^ on the other hand,; the breeder 
chooses to contend with, and oppose, nature ; 
and instead of submitting to her laws, he still 
persists in attempting to keep up the size, by a 
fresh supply of males and femalejr from the ori- 
ginal quarter, he inevitably must be subjected 
to the consequences of a want of health and vi- 
gour, and incur great hazard, and extra expense. 
That the above principles equally govern the 
vegetable, as well as the animal world, has 
been demonstrated by Sir Joseph Banks, who 
says, that by repeatedly raising plants from the 
seeds grown on the spot, he has so naturalised 
to this climate, vegetables that were natives of 
a warm climate, and which on their first intro- 
duction into this coi^ntry, could only be kept 

D 3 



38 OS BREEDING AND REARING ANIMALS. 

alive in conservatories, tiiat they are now en- 
abled to flourish in the open air without artificial 
protection. And in corroboration of those con^ 
elusions, I annex the following extracts : that 
of Mr. Mason, from Sir John Sinclair's Code 
of Agriculture, and Mr. Robinson's, from the 
Farmer's Journal, of April 15th, 1816. 

Answers by C. Mason^ Esq. ofChilion^ Durham^ 
to the questioriy whether the system of " Breed- 
ing in and irC^ is advisable. 

To answer the question on the . propriety or 
impropriety of adopting the system called Breeds 
ing in and in, it seems only necessary to recur 
to the acknowledged principles of breeding in 
general. It is admitted that all breeding pro- 
ceeds on the presumption, that the tendency of 
any individual animal is to transmit to its off> 
spring, the form, constitution, and qualities 
which it possesses ; and as two animals are eon- 
cemed in the production of cme offspriin^ that 
one is expected to inherit a form and conistitution 
compounded of the joint qualities of its pa- 
rents. Thus it is found in numerous breeds of 
animals, as in deer, in the west Highland cattle, 
in the north Devon, and in th^ wild cattle of 
ChiUingham Park, the offspring for an indefinite 
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number of generations, have borne the same ge- 
neral characters. These are examples, where 
great numbers have contributed to the formation 
of the several breeds, and while the general cha- 
racter is found invariable, it is not observed to 
be accompanied by any general deterioration, in 
any essential quality : where any deterioration 
therefore, is observed, it is nao^t probably ascriba- 
ble to one of two causes. 

1st. From some peculiarity of circumstances, 
few animals only may be concerned in tiie pro- 
duction of the breed, and then, any individual 
defect must not only be transmitted uncorrected, 
but will necessarily increase in the progeny ; a 
tendency to that defect being inherited by both 
parents, and both being immediately descended 
from its original propagator. This defect may 
be in size, from, inclination to feed at an early 
age, to feed. &t. with a comparative small con- 
sumption of vegetable food, to lay that fat on 
valuable points, or in constitutional health, and 
according to the nature of the original defect, the 
breed will become bad graziers, or incapable of 
producing any but an unhealthy o£&pring. 

2dly. The same effects may follow in breeds 
formed by selection. The selector may have be- 
gun with w individual having some radical de* 
feet in form, constitution, or quality: andifhei 
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want judgment or opportunity to correct such 
defect, by employing other cattle of the same 
breed, free from such, his cattle will degenerate, 
as before explained. In the case of selection 
from a small number, it is also to be observed, 
that the selector too often chooses the weakest 
male, because such appears, of the most delicate 
form, and nearest approaching to female sym- 
metry ; and if this be continued for a few gene- 
rations, it may be easily be supposed that such 
a breed will dwindle, compared to one left to 
the process of nature, in which the strongest 
males driving off the weakest, are exclusively 
employed for the propagation of the kind. 

From these observations, strengthened as they 
may be by the long established practice among 
breeders of race-horses, &c., the result appears 
to be, that any deterioration from breeding in 
and in, is not a necessary consequence^ but afauU 
in the judgment of the breeder, 

A Letter by Mr. Joseph Robinson, published in 
the Farmer^ s Journal, April 15th, 1816, in 
answer to ^^ A Norfolk Breeder's Queries.'* 

Qu. I. How were the Northamptonshire 
sheep treated the first summer after going to 
fold? 
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Ans. Picked the stubbles until they went to 
turnips, on which they were wintered, and at 
spring were removed to old grass land, and 
never eat clover or artificial grasses. When 
brought to Whitsun fair, (May 17th,) such was 
the glut of mutton that a price was not offered 
for them, and three pound ten shillings each 
would have purchased them. Not being sold, 
they were turned back upon a piece of old turf, 
where they remained all summer, without pro- 
tection from sun and flies, and gained thirty- 
five shillings each for five months' grazing. Had 
they been sold and slaughtered at the end of two 
years for three pounds ten shillings each, after 
being hard worjied the first summer, their merit 
and great profit would not have been known, 
which undoubtedly is the case with thousands of 
the best animals in the nation. At the same 
Whitsun fair, there was a lot of the great Leices- 
ters, six in number, brought forward by a tup 
man, who occupies a farm under Lord Fitzwil- 
liam, which will feed any animal that possesses 
any feeding nature ; and he has a father-in-law 
who has two of the best turnip farms in the 
county at command to winter sheep, upon, and 
corn troughs generally before them. Those six 
Leicesters, after feeding upon the cream of two 
or three farms, were brought forward to beat 
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the hard-worked Northatnptx>ns, which had been 
hred twenty ^ve yearSj sire cmd dam mthaut a 
cress^ in the same county ^ in the same parishy and 
bred and fed upon' <me Jarmmdy* 

From the grejrt; indulgence of the Leicesters^ 
they might at that time have been ten shillings 
per head more value; but the Northamptons 
were supposed to have <;ut ten shillings worth 
more wool at two clips than they had» which was 
an equivalent The Leicesters being turned 
back likewise, upon the farm of Lord Fitzwilliam, 
and kept through the summer, were expected to 
come again at St Luke's &ir, and to go to the 
cattle show, in Sadler's yard, at Christmas. Thus, 
while the Northamptons were paying thirty-five 
shillings per head for five months' keeping, the 
Leicester's made a retrograde motion ; the dry 
summer, sun, and flies, -did not suit them, they 
went away like an owl in the desert, and their 
price and weight kept secret 

I do not see any good purpose answered by 
those honoured characters, who are ornaments to 
our nation, bestowing their money to encourage 
the bringing forward the best trained and finished 
animals, effected by gathmng the cream off the 
best farms in different counties. Not one farm 
or one county produces them. I cannot see how, 
or by what means, the most profit, may be made 
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of an acre of poor or middUog land, which com^ 
poses the great majority of the soil of this king* 
dom. If rent was paid by the head of stock, 
instead of the acre, it might perhaps answer the 
tenants purpose to bestow the indulgence upoi) 
a few animals; but since renjk is p^d.by th^ 
acre^^ the question with the occupier is, hm cm 
we make the most profit of an acre of land ? 

Suppose soils were classed into three ox fouar 
different classes; for instance, say land iwder 
twenty shillings per acre, land above twenty and 
under forty shillings, above forty and under 
sixty shillings per acre, and premiums offered to 
persons who would bring animals forward mak- 
ing most profit of an acre of grass, cleaning up 
rough and smooth, — ^would not that answer a bet- 
ter purpose, as it would hold out encouragement 
to different classes of men and S(h1s ? There is 
by far the greatest proportion of poor and mid- 
dling land, and on that must depend the princi- 
pal supply of the market. 

An attempt to improve the breed of animals 
for the shambles, by making choice of the largest 
males, is as ancient as it is fruitless ; and is it 
not strange to see it renewed in the nineteenth 

century, by the professed followers of a Bake-f 

„ . ...» • 

well ? They say.thq attempt is laudable, because 
difficult to be obtained. Difficult to breed a 



/ 
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large good one? — A sufficient reason why I 
should object to it Shall we refuse the common 
necessaries of life, bread and water, because* 
easy of access, and substitute in their room what 
is hard to obtain ? Will that do for the great 
national family, who are spending their strength 
for a bare subsistence for themselves and fami- 
lies ? They say it is easy to breed a little good 
one i then is it not wisdom to accept the offered 
good? 

** Not to know a treasure's worth 
Till tiipe has stolen away the slighted good. 
Is cause of half the miseries we feel, 
And makes the world the wilderness it is/' 

COWPER, 

» 

I cannot, for one moment, suppose that the 
great or small size of an animal has any thing to 
do with his goodness as a stock-getter. 

<' To find the medium, asks some share of wit. 
And, therefore, is a mark fools never hit." 

Again let me beg those luminaries to come to 
the test of reason. They say we cannot combine 
great wool and great mutton ; if we increase one, 
we decrease the other. Then what are they 
doing by enlarging the frame? Are they, by those 
means, diminishing or increasing the difficulty ? 
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As every animal is supported through the me- 
dium of the stomach, a wool-bearing animal has 
two demands, — ^to support wool^and carcase ; 
nor can either thrive further than nourishment is 
afforded. Then how wrong to put large animals 
upon a poor pasture, that produces but little 
herbage, and that little, less nutritious ! 

Again, when they say it is easy to get a little 
good one, — ^if they mean by a good one, one 
which will produce a son better than his sire, 
and a third better than a second, and a fourth 
better still ; that is what I shall call a good one. 
If such a one is easily produced, do not the 
hungry, poor, oppressed tenantry, the great 
national family, in the name of all that is good, 
call upon them to do it ? Why trifle with the 
sacred wants and comforts of man ? 

Again, they say we cannot combine heavy 
wool with a good carcase. I believe not with 
long middles and high legs, or with whimsical 
fanciful niceties. But to say they cannot be 
combined upon any principle is wrong: expe- 
rience has proved we can do it with sheep that 
are calculated to live and thrive upon poor and 
middling soils. 

I am convinced it would be a valuable acqui- 
sition, if males to get stock were all bred upon 
poor and middling soils, and treated as common 
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grazing stock ; theii they would appear in their 
true light What does pampering do, but de- 
ceive the unthinking? And passing a bad stock- 
getter, not only wrongs the person who uses 
him, but injures the public, and ultimately falls 
upon the poor. 

The man who produces a pound of flesh, or 
a bushel of bread com, where it was not pro- 
duced before, gives food to the hungry, and so 
far promotes the works of God in his pr^vi- 
dence. 

Qu. 2. Is thirty-one months the most profit- 
able age to sell sheep, or to go to market ^t an 
earlier period ? 

Ans. The most proper time depends on cir- 
cumstances; if sheep are hard worked at an 
early age, they require more time j. but if in- 
dulged, will ripen sooner. 

Qu. 3. What were they bred from, twenty- 
five years before. 

Ans.^ They were bred fbom a Dishley tup, 
put to Northampton ewes, before the^nlEune of 
New Leicester was known ; when Mr. Bake- 
well was rising out of the solitary vale wh^re he 
CQuld not meet his creditors, the vale in which 
he learned, by repeated experiments, of tying up 
different sorts of sheep, and weighing food to, 
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and refuse from them. By that slow and trouble- 
isome process^ he found which were the best of 
the different sorts he tried. When he had done 
this, such was the wayward prejudice of breed- 
ers in that day, they would not have them, and 
it was with difficulty he could prevail on any 
one to try them ; the prevaiJiQg opinion was, 
too little, too little. Where they were tried, 
wonders were wrought; they made great im- 
provement wherever they went, and no other 
sheep would stand in competition with them. 
Then his sheep were suited to poor land^ a hard 
common, the most so of any sheep. There are 
people now living who heard Mr. Bakewell say, 
that I, with my poor land, did him more credit 
t^ai) any man in the three kingdoms. But the 
great man mistook the effect for the cause ; he 
knew what constituted a pleasing form, and what 
was a good quality, but his capacious mind was 
never led to consider what it was that gave the 
animal strength of stami^ia ; if he had known it, 
surely he would have communicated it to some 
one^ nor would he ever have departed from it. 
He never thought how he procured it, or. how 
he lost it ; but when he had lost it, his sheep 
were like Sampson when he had lost his hair 
igid became as another man. When he had lost 
sterling worth, then he began to enquire after 
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the trappings of fashion. Then the general ques* 
tion was, — What will be in fashion two years 
hence? And some people yet living must re- 
collect what became the fashion : some of the 
worst animals that ever were introduced under 
the palliating name of Bakewell,— high blood. 
They had heads like snakes, eyes like hares, and 
not one feature of a natural sheep. Mr. Bake- 
well was a great politician, and by forming a 
society of nearly twenty learned men from dif- 
ferent counties, no other sheep ever had such a 
weight of interest twisted, entwined, and wreath- 
ed in their support. Under these circumstances, 
for a lot of sheep of any other sort to be brought 
forward to any public exhibition, were like an 
individual standing against a crowd ; and as they 
had possession of most of the best land in the 
kingdom, it must be something very superior to 
them to make any sort of stand against them. 
Be that as it may. Dame Truth is no gossip, if 
she is spoken with, it must be at home, for &he 
will go to none, and without the old gentle- 
woman there is no certainty in breeding. I will 
appeal to any one who has been a tup man for 
forty years, whether he has not been frequently 
disappointed, and sometimes received least when 
he expected most, and vice versa ; which proves 
that without that something, which a Bakewell 
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xi/^yfir knew, no mercenary project, no combina- 
tipn of interest, can gp straight forward to im- 
ftqye the brqed of sheep. Improve, did I say ? 
I.qujBjy whether there h^s been any improye- 
aiept in thQ ibreed of sheep in Northamptonshire 
these last twenty or thirty years, other than What 
,)ias jari^en from inclo^ures which afford a shelter, 
^nd th^ introduction qf turnips and clover, and 
the use of mercurial ointment I am persuaded 
that wh^.are caUed the New Leicesters, are not 
neai* so good as they were ; in fact, without that 
something, going into this or that county, ot to 
.this or that .man, for a malej is like a person 
^ifflicted with the rheumatism going tb Bath for 
relief, and not using the waters. Bakewell's 
jiheep, ati one time, would not. only improve all 
jothers, but would endure equal hardship]^, and 
make more profit of an acre of land than any 
«>ther sort; would bear the inclemency of seas6ns, 
needed nothing to create desire and teiiipt a|lpe- 
tite. .And as he knew his sheep needed no extra 
iadulgeace, he would not let a person a tup, 
wiless he would engage not to give the of&prifag 
com. The professed followers of Bakewell have 
no objection to their, customers giving their sheep 
com, and every other"* indulgence^ sparing no 
iexpense. They know that fat upon an animal, 
charitv, covers a multitude of faults. . It is 
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the prevailing fashion of some, now tacking 
about, to produce large fat males ; and to what 
purpose, but to make a better hand of their com 
than to take it to market : and knowledge, tak- 
ing the advantage of ignorance, dupes the cre- 
dulous out of their money. 
. Can the great quantity of fat laid upon an 
animal, at such expense, produce a better sta^ 
mina in the offspring, or were ever the best 
animals produced from the largest males? If 
they wer^ Bakewell was wrong altogether. * Can 
it be right to call an animal from such an in- 
dulgence smd put him upon poor land to work; 
whereby he is brought into a rapid decline, 
when propagating his ispecies ; and may not a 
sudden transition of a male from a £it to a lean 
state be injurious to the constitution, and is.it 
strange that they produce a declining stock ? : . 
Various are the conjectures how or where 
-Bakewell procured his sheep? He had them 
vfrom Lincolnshire, not from the rich marshes. 
JHe* liiere bought a score of 'Cwes of a person 
who could not be prevailed upon to sell a fa- 
vorite tup, and agreed to give a guinea an ewe 
to have them tupped by him before they came 
Jiome ; a great business-man, in Leicesteri^hire^ 
jsaw them on the road coming home, and heard 
something about the cost of tupping, and who 
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told Mr* Bakewelly at Loughborough market, 
he would not have them at the price they cost 
the tupping. I think the original price was 
four guineas a-piece, and when he was under 
his misfortunes, his ewe lambs were valued at 
no more than eight shillings each : the best 
things he ever was in possession of^ and from 
which the tups that made hundi-eds sprang; 
these were called the Dishley blood, in distinc- 
tion from that part of his flock which were 
dashed with the Durham blood ; the former pos- 
sessed short legs and thick carcases ; the latter 
higher legs, longer and larger sheep with de- 
fective fleeces; sometimes a fine large animal 
was produced, but not being suited to the poor 
soils, did not wear like the others. 

Perhaps it would be thought arrogance in 
any person to say he knows more of sheep 

a 

breeding than Bakewell did; but surely one 
may say some sheep are bred upon a principle 
different from any other sort of sheep upon the 
island. Whether they are better or worse, I will 
leave time and experiment to prove, but am 
persuaded that if ever that principle becomes 
generally acted upon, the same quantity of hefb- 
^e which now produces two pounds of flesh 
will produce three pounds; and then what an 
increase of wealth to .the nation, and what room 

for an increase of population i ['"^ '.'[, 

. .. - . ij . 
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Although one sort of sheep cannot be right 
fbt all soils, if we must have two sorts of wool. 
One principle may be right to breed all sorts of 
sheep upon, viz. that which will turn a given 
quantity of herbage to the most advantage. 

Notwithstanding all the quackery and niystery 
generally practised, there can be but two ways of 
impi'oving animals, viz. to breed from stock of a 
jgood stamina, and train them in a proper manner 
when bred. Dame Nature cannot be led, but 
may be followed and assisted by humap art. 

Had Bakewell fixed a criterion^ by which the 
public might ascertain what constituted a right 
animal for breeding stock, surely after thirty 
years* steady pursuit of the object, the best 
sheep would be found in more hands than they 
are ait this time, and the tupmeh in different 
counties not for eyer destined to a dependahce 
oh the few tupmen in Leicestershire for support, 
and the public mind would have been at rest. I 
suppose the Dishley Society were formed for 
something like that, and'^to keep the best blood 
entire, that the public might know where to find 
it, but they seem as much divided in opinion 
as others; some say one thing is the best, and 
some say another ; like Dr. Priestley when he 
offered his services to make up a creed for 
the Church of England, and had not made up 
his own. 
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' Qu* 4f. Are they in the habit of making such 
prices ? 

Ans. In the year 1812, Charles Tibbits, Esq. 
having ninety cull ewes to sell, indulged a friend 
with thirty of the best of them, and the remain- 
ing sixty were sold by auction, and averaged 
three pounds fifteen shillings each, when a no- 
bleman in the neighbourhood sold one hundred, 
which averaged about forty shillings each, knd 
a shear-hog was slaughtered, that weighed nearly 
sixteen stone, to win a wager; it paid one shil- 
ling and three-pence per week, for eighty-two 
weeks' keeping. 

In 1814, ten sheep were sold in a public fair 
to a stranger, which paid one shilling and three- 
pence per head per week, for one hundred and 
four weeks' keeping ; fifty, sold ip a lot, paid one 
shilling and four-pence per week, for one hun- 
dred and ten weeks' keeping, all grazed iti a 
common way, without the aid of the scuttle, 
and have dissected a carcase, which produced 
thirteen and a half ounces of meat to a bare 
half ounce of bone. 

The above sheep all produced from males, 
bred upon a farm that was supposed incapable 
of supporting a sheep through tlie year before 
I bought it. I would always choose such a si- 
tuation, from conviction that the best sort of 



I £ 3 



54 ON BREEDING AND REARING ANIMALS. 

animal might be bred upon, and are best suited 
to, the worst soils, but not matured thereon. 
. Qm, 5. Are they bred by measure, height, 
and length, or upon what system are they bred ? 

Am. As to system, they are not philosophers 
sufficient to know exactly how high the atmo- 
spheric air will raise sheep to make them perfect ; 
they know how many inches it will raise quick- 
silver in a glass tube, but do not take that to 
be a measure of perfection for sheep, so as to 
render it necessary to take an exciseman's stick 
when they want to engage a male- 

Qu. 6. Any thing particular in the form of 
the face, the length of the ear, &c. ? 

Ans. This question reminds hie of what a 
nobleman's steward said some years agoj he 
went into a distant county to procure males, to 
improve his master's flock at some future time. 
Seeing some Northamptons pass the porter's 
lodge, he asked where they came from ; and when 
he saw the person wjio bred them, he asked 
him where he had the breed from. The steward 
said, the breeders in a distant county told him 
if he got such features, face, eyes, &c. he would 
have every thing else accompanying it; but he said, 
♦* I have the face, and you the every thing." 

» 
The above letter is written in a stile bordering 

on the ludicrous, yet it is evidently much to the 
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purpose; and although Mr, Robinson appears 
more in<;lined to taunt than to praise Bake well, 
he furnishes practical demonstration of the coi;- 
rectness of BakewelPs principles. By Mr. Ro- 
binson's own admission, Bakewell was in every 
respect equal to his task ; he took up and pur- 
43ued most honourably the same principles which 
Mn Robinson upholds, until he found it would 
not produce the grand object, riches. The 
fact seems to be that Bakewell unfortunately 
experienced the fate of many men of first-rate 
abiUties, viz. to have expended in the pursuit 
of science, more than he gained ; and perhaps, 
under the depression of heavy expense and 
mortification, was induced to submit to the fas- 
cination of fame, and to court fortune through 
the medium of fancy or fashion. This line of 
<Jonduct, undoubtedly, gives Mr. Robinson the 
advantage of accusing him of a -want of true 
patriotism, but it by no means supports the 
charge of ignorance. A man of genius, who 
can command the fashion, will feel no difficulty 
in putting himself upon an equality with the 
plodding man ; but the plodding man can never 
place liimself upon equal terms with the man 
of genius, as a leader of fashion. Bakewell, in 
the pursuit of perfection in the way of business,, 
became so thoroughly acquainted with the laws 
of nature, as to be able to lead her to her 

£ 4> 
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utmost limits, and having succeeded in attract- 
ing the attention of those that' were able and 
willing to pay for fancy, he committed but a 
common fault in availing himself of such an 
ample resource for retrieving his fortune. 

Mr. Robinson's experience in every resptect 
sustains Bakewell^s principles of breeding, but 
he has the merit of marking the true point 
where the husbandman ought to stop, and he 
justly describes what ought to be the object of 
every man who seeks to make the most of his 
land. The landlord often drives, and rides, a 
horse high-bred ; but from this, it is hot to be 
concluded that the tenant ought to breed his 
horses from the same stock. Strange as it may 'lip- 
pear, it is well known, that fashion reigns bh para- 
mount among what are called, the simple plodding 
farmers, in determining their choice of stock, as 
among the weaker sex in their dress; siiid the 
farmer looks with as much envy on the esquire's 
made-up ram, or bull, as his wife or daughter, doetf 
at the lady's bonnet : and thus, although from 
the nature of the farm, he cannot support in 
health and vigour a sheep of one -fourth the 
size of those which the esquire producei^, or 
purchases at great prices, and sust^ns by artifi* 
cial means, he will do the best he ck^ by buy- 
ing his castroff rams : and ihiis he produces a 
Jong, shanky race of animals, ^Ith almost asr 
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much bone and hair as musde and wooli 
and what is still as stranire. this fiuafaion also ex* 
tends to the grazier ; hi agent at the fair looks 
outfbr a coarse frame of bone^ and persuades 
hiai it wiU cany more fat } and this practice is 
become so* general^ < that ^ the butchers! stalls ex- 
hibit nothiiigi but'large, coarse jointa of mutton^ 
consisting of fat i^Hiew- fiuid .bone ^ and. amall mut- 
ton is so'scarce, that the public areinduced to pay 
one penny per pound more fen* lamb^ irom the ge^ 
neral dislike and inconvenience of large muttpn: 
and tlius througiiout, ignorance and ^credulity 
are fed by ignorance and vanity, until, reason 
itself* is obliged to give way. Mr. .Robinson's, 
dS'- well as BakewelPs princ^les, tare incontrovert- 
ible y ^ and by following the plans and maxims of 
the filmier, ' no doubt the hiUs . and valleys of 
Wiltshire, Hampshire, < Somersetshire, Dorset^ 
Suissetx, &c., may be made to^breed and fatten the 
mOst^c^cious mutton ^ whereas^ at preset, . they 
ar^' wholly devoted -to the rearing of animals 
•which are Uttle better than coarse frames .of. skin 

* 

sind bonesy to be filled up with tallow and grease, 
by bdng bloated with artificial food, or in the 
gross unwholesome pastures of theJowlands and 
niarshes^' • . ...... 

How much would gentlemen, possessing hill 
farma in those counti^ add: to the pleasures 
and comforts afforded by their country^ as. we? 
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9S increase the public stock of provisions^ if they 
would devote their attention to the rearing of 
sheep, and fattening them on the same farm, as 
Mr* Robinson has done, than by continuing to 
indulge in the vanity of excelling their neigh- 
bours, in raising large, raw, bony carcases, to be 
crammed by others in distant districts ! 

In the production of wool, it is well known that 
the climate, and natural produce and constitu- 
tion of a. farm, will of itself establish a medium 
or proportion between the quantity and quality 
of wool ; thus, it is found that the wool pro- 
duced on one farm in Sussex, is of superior qua- 
lity to that produced on another, even at a short 
distance, although every means of changing 
and crossing had been resorted to* Indeed, 
what else could have established and naturalised 
the beautiful breed of sheep called the South- 
downs, and the valuable breed ofDorsets, or the 
fine large long-wooled Leicesters, but that of the 
breeders confining themselves to the assisting 
nature, by selecting and pairing those animals 
which were best adapted, in their local situation 
and circumstances, to make the greatest return 
in wool and mutton at the least expense ? 

If the farmers of tlie South-downs had conti- 
nually crossed with the Leicesters, could they 
have produced sheep equal to Leicestershire? 
or the Leicestershire farmers, by crossing with 
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South-downs, have produced sheep equal to the 
South-downs ? Certainly not ; then why not ? 
The nature of the food and the climate would 
not admit of it ; and this mode of reasoning will 
apply to every county, and almost to every farm. 

It will cost very little more to breed a ram, 
than an ewe j and, therefore, the farmer who in a 
general way pays more for a ram than the extra 
price of breeding, added to the value of an ewe, 
pays so much to proclaim his own inability and 
comparative ignorance. 

A striking instance of the indulgence of 
farmers in fashion or fancy, even at a consider- 
able sacrifice, is exhibited in the black faces and 
legs of the South-down sheep. The great value of 
those sheep over any other peculiar breed, consists 
in the superior quality of their wool ; but by the 
means adopted to preserve the black faces and 
legs, black hairs are extended into, and some- 
times dispersed through, the fleece ^ and as the 
locks containing black hairs, are unfit to make 
white or light-coloured cloths, these must aU be 
thrown out, before the wool is in a-fit state for 
the manufacturer ; and the quantity and reduced 
quality of this is such, as to reduce the value of 
the whole fleece, 2d. per pound. 

The only object in preserving this striking 
mark, that I have ever heard explained, is, that 
such sheep are more hardy; but if by this is meant, 
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that ihey are better enabled to endure cold wea* 
ther, thiun they would if their faces and legd 
were white, .this is,, on the clearest physical 
principles, erroneous, and contrary to nature. 
Thiis we find in sdl the most northern climates, 
that thol^e animals which are of a dark colour* in 
the wabtn seasons^ change to white in the wint^r^ 
without "which ihey could not enduret the sevej'e 
coM they are doomed to encounter. Again, rwe 
see the beneficence of our Great Greatpr has 
given the native man of the burning climate of 
Africa a black skin. Black absorbs and gives 
oui heat more rapidly than white; as^^ in other 
words, any body that is white, will retain the 
heat which is engendered within it, muqh longer 
than that which is black. Thus the white* animal 
in the frozen regions, is. enabled to retain its 
heat in a due degree, to preserve its health { and 
the black man, by a rapid emission of heat, is 
pi*btected against those dreadlul fevers, the fre- 
qbent consequence of accumulated heat, by a 
rettotive white dkin. It is this principle which 
determines- the difference in temperature <tf 
soils. A bladk soil will, in a given ttime, and 
in the same exposure to the sun^v acqioire 
eight or ten degrees of Farenbeit more .than a 
whife; and on an* exclusion of the rsun, the 
black will soon be reduced many degrees below 
the white:' 
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ON THE CUtiiVA-TlbK^ Oi? THE EAfeTiT. 

* I F ' * * 



'ALTHOUGH'. the .earth; appears capable of af- 
£^rding a/spontaneous pp-oduqe in vegetables and 
firuky her powers of i producticui or iprinciples of 
fertility^ are found to be^iimited^ ^nd to exist in 
diflfereot. degrees, im different portions ; and it has 
also been clearly proved, that where those, powers 
a»d principles abound in the greatest, force, they 
are sooner 4>r later i . decreased . and ex^iausted 
by the growth of vegetables,, according to the 
constitution,! situation, and circumstances of the 
-fsoil. It, therefore, is an object essentia^ to the 
<ait of agriculture, > to ascertain .the causes or 
)^nciples of fertility and sterility, as the oi^ly 
means of acquiring the; power to remedy defects, 
remove opposing matter, make good deficiencies, 
and, generally, to preserve a|id. continue < the land 
in its most productive state. Every husba;nd- 
m^mor agriculturist may be supposed capable 
of judging, what stock of animals his land, is 
peculiarly calculated to suf^ort, in its immediate 
state i and this, from a knowledge of the quantity 
and kind of food such animals require, and the 
influence of lodging and climate on them* But 
a knowledge of the nature and applicati<!m of 
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food to vegetables, and the influence of lodging 
and climate on them, is not so generally under- 
stood ; yet it is equally necessary it should be, 
as it is this alone which can enable a person to 
follow cultivation successfidly. 

, It has been demonstrated by direct experiment, 
and is admitted by all philosophers, that earth 
alone, in any combination of its primitive or sim- 
ple principles, is incapable of maintaining plants 
in health, or to enable them to attain nuriturity ; 
that vegetables require food to sustain them ; 
that their food consists of animal and vegetable 
matter, reduced by decomposition, to a soluble 
state ; and that such food can only be taken up 
or consumed by plants, in a state of liquid, 
through its roots ; but of what peculiar ele- 
ments or principles such food is composed of^ 
by what means prepared, or how the requisite 
proportion of the liquifying medium is deter- 
mined'; or by what pepuUar powers such food 
is taken up by vegetables, and digested, and 
appropriated to their various increase and pro- 
iluctions, are as yet subjects of discussion and 
uncertainty. . . 

To establish these points, it has been found 
necessary, to discover and investigate the ele* 
mentary principles of which vegetables and ani- 
mals are composed ; and also to. ascertain by 
.what organic powers the process of vegetation }$ 

6* 
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carried on ; and by what means these elementary 
principles or substances are collected, comr 
bined, put into action, and appropriated or dis- 
posed of; and likewise, the composition or con^ 
jstitution, and properties of the earth, and the 
manner in which it contributes to the formation 
and sustenance . of vegetables* To accomplish 
these things, some of the most eminent chemical 
philosojphers of the age have given their attention, 
and a very comprehensive little work on the sul> 
ject has been published by Mr. Kirwan. 

Sir Humphry Davy was also induced by the 
Board of Agriculture, to give to the public a 
regular course of lectures on agricultural che- 
mistry ; and as those two eminent professors 
have in their works, given the subject a lull at- 
tention, and considered it in all its various parts, 
and their authority b^ng generally respected 
and relied upon, I shall confine my observations 
and reference, on this part of my subject, chiefly 
to them^ 

Sir Humphry Davy justly observes, "It is 
♦* scarcely possible to enter upon any investiga- 
.*< tion in agriculture, without finding it conr 
^^ nected more or less with doctrines or eluqida- 
:^*.tions derived from chemistry. 

"If land be unproductive, and a system oii 
'^* js^melior^ting it is t^ be attempted, the sur^ 
^method of obtaining the object is by, deter- 
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*? mining the cause of its sterility, which mu* 
necessarily depend upon some defect ifl the 
constitution of the soil, which may be easily 
discovered by chemical analysis ; some lands ^ 
of good apparent texture are yet sterile* in a 
high degree, and common' observationr and 
common practice afford no means of ascer. 
taining the cause or removing the efibct; ":* 
The application of chemical' tests' in 'such 
** cases is obvious, for the soil must contain' scmie 
noxious principle, which niiy be easily dis- 
covered, and, prbbably, easily destroyed. Are 
any of the salts of iron present ? The^ may be 
^* decomposed by lime. Is tHtere any excess of 
"siliceous sand? The system of improvement 
" must depend on the application of day and 
" calcareous matter. Is there a defect of cal- 
' careous matter ? The remedy is obvioiis. Is 
an excess of vegetable matter indicated ? It 
" may be removed by liming, paring, arid bnrn- 
** ing. Is there a deficiency of vegetable matter ? 
" It is to be supplied by manure."' 

He also says, ** The phenomena of vegetation 
*^ must be considered as an imlportant branch of 
•« the science of organized nature ; but though 
" exalted above inorganic matter. Vegetables 
«* are yet, in a grieat measure, dependant for 
"their existence upon its laws. They receive 
•• their nourishment from the external elements^ 



cc 






ON THE CULTIVATION OF THE £ARTH« 65 

^* they assimilate it by means of peculiar organs^ 
<^ and it is by examining their physical and 
'^ chemical constitution, and the substances and 
*^ powers which act upon them j and the modi- 
" iications which they undergo, that the scientific 
" principles of agricultural chemistry are ob*- 
" tained. 

According to those ideas, it is evident 
that the study ought to be commenced by 
" some general inquiries into the composition and 
^< nature of material bodies, and the laws of their 
** changes. The surface of the earth, the atmo<- 
sphere, and the water deposited from it, must, 
either together or separately, afford all the 
principles concerned in vegetation ; and it is 
only by examining the chemical nature of 
tliese principles, that we are capable of dis- 
'^ covering what is the food of plants ; and the 
manner in which this food is supplied and pre** 
pared for their nourishment ; the principle of 
** the constitution of bodies, consequently, should 
from the first: subject for our consideratioiL 
By methods of analysis, dependent upon 
" chemical and electrical instrumentSj discovered 
<< in late times, it has been ascertained that all 
"the varieties of material ^ substances may be 
i' resolved into a comparatively small number of 
bodies, which, as they are not capable of being 
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•** decompounded, are considered^ in the present 
'* state of chemical knowledge, as elements^. 

<* The bodies incapaUe of decomposition at 
** present known, are forty-seven; of these, thirty- 
'* eight are metals; six are inflammable bodies ; 
" and three substances, which unite with metals 
'< and inflammable bodies, and form with them 
^ adds, alkalies, earths, or other analogous com- 
** pounds. 

^* The chemical con^position of plants has, 
"within the last ten years^ been elucidated 
*< by the experiments of a number of chemi<;al 
<* philosophers, both in this and other countries ; 
** and it fbnns a beautiful part of general che- 
" mistry. If the organs of plants be submit- 
<* ted to chemical analysis, it i« found that their 
** almost infinite diversity of form^ depends upon 
« different arrangements and combinations of a 
** very few elements; seldom more than seven or 
** eight belong to them, and three constitute the 
*^ greatest part of their organised matter, 

" AH the varieties of substances found in plants 
" are produced from the sap, and the sap of plants 
" is derived 6x>m water, or from the fliirds in the 
*« soil, and it is altered by, or combined with, 
** principles derived fromiiie atmosphere.'^ 

And again: "If any fresh vegetable matter, 
^< which contains sugar, mucilage, starch, or 
" other of the vegetable compounds soluble in 
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** water, be tiioistened and exposed tosdr, at a 
^* temperatute of f5rom 50* to 80**, oXygene tvill 
^* soon be absorbed, and carbonic acid formed ; 
** heiElt \<dli be produced, and elastic fluids, prih- 
" cipally carbonic acid, gaseous oxyde of car- 
** bori, and hydro-carbonate will be evolved ; a 
** dark-coloured liquor of a slightly soiir, or bit- 
** ter tiaste, will likewise be formed, and if the 
** process be suffered to continue for a time sufit 
** ciently long, nothing solid will remain, except 
^ earthy and saline matter, coloured black by 
^ chafcbaL 

" Animal matters are in general more liable to 
^ decompose than vegetable substances. Oxy^ 
" geiie is absorbed, and carbonic acid and am^ 
** monia formed in the process of putrefaction j 
^* they produced compiound elastic fluids, and 
^ likewise azote ; fliey afford dark-coloured acid^ 
^ aiid oily fluids, and leave a residuum of saits 
** andearths mixed with a calcareous matter. The 
<* ammonia giveh off frbm animal compounds, in 
** putrefaction, may te conceived to be formed 
<* at the time of their decomposition by the com- 
^ biriation df hydrogieine and atzote. Except this 
*< ihatt^, the other products of jpiitreifaction are 
^ analogous to those aifof^ed by the ferment* 
*' ation of vegietiable substances j and the soluble 
^ substances formed, abound in the elements, of 
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" which are the constituent parts of vegetables, 
" in carbon, hydrogene, and oxygene. 

" The circumstances necessary for the putre- 
'< faction of animal substances are similar to those 
" required for the fermentation of vegeitable sub- 
" stances ; a temperature above the freezing 
" point, the presence of water, and the presence 
" of oxygene, at least in the first stage of the 
" process.*' 

He likewise says, " Soils in all cases consist of, 
" a mixture of different finely-divided earthy mat-. 
<< ters, with animal or vegetable substances, in a, 
" state of decomposition, and certain saline ingre- 
" dients. . The earthy matters are the true basis 
" of the soil ; the other parts, whether natural, 
" or artificially introduced, operate as manures. 
" Four earths generally abound in the soils ; the 
<< aliiminous, the siliceous, the calcareous, and the. 
** magnesian. These earths, I have discovered,^ 
" consist of highly inflammable metals united to, 
" pure air or oxygene ; and they are not, as far 
** as we know, decomposed or altered in vege-, 
« tation." 

Mr. Kirwan says, " All plants (except the 
<* sub-aqueous,) grow in a mixed earth, moist- 
^< ened with^ rain and dew, and exposed to the, 
** atmosphere. If this earth be ch^ically exa-, 
" mined, it will be found to consist of siliceous,^ 
<< calcareous, ^and argillaceous particles ; often 
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" also of magnesia in various proportions, a very 
'* considerable quantity of water, and some- fixed: 
** air. The most fertile also contain a small 
portion of oil, roots of decayed vegetables, a 
coaly substance arising from putrefaction, 
** some traces of marine acid, and gypsum. On 
the othier hand, if vegetables be analyzed, 
they will be found to contain a large portion of 
** water and charcoal, also of fat and essential 
*^* oils, resins, gums, and vegetable acids ; all 
" which are reducible to water, piire air, inflam- 
•* mable air, and charcoal j a small portion of 
*' fixed alkali is also found ; some neutral salts, 
** most commonly Epsom, tartar vitriolate, com-. 
" mon salts, and salts of sylvius. 
" Thus far, we may consider all things reducible 
to primitive principles, or simple substances, and 
the opinions of these great men are accordant: 
our next object must be, to consider how those 
principles or elementary substances are again 
to be brought together, put into action, and, 
combined ; and particularly for the difierent pur- 
poses of husbandry. Agreeably to the rules of 
chemistry, to demonstrate the correctness of an 
analysis of any body, it is required, that the 
same body be again produced by a recombination 
of the parts discovered, and this is called a syn, 
thesis } but although it is clearly obvious to the 
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most simple observer, that notwithstanding the 
apparent ultimate destruction of every visibly 
substance, the same quantity of both animate 
9jid inanimate substances always exist, ^nd it 
may be justly concluded, that the process of 
nature is carried on by a kind of transmutation^ 
or change in the relative connection of matter^i 
brought about by certain processes of 4eatb and 
decomposition, and restored ^ain by the action 
and dissp^mination of certain principles of lifeancj 
rpcomposition ; we cannot, by artificial mean? 
9lone, effect «uch a combination of those princi- 
ples, or elementary substances, as tp form either 
animals or vegetables, and we are therefore inca-? 
pable of demonstrating by synthesis. 

Qn this point. Sir Humphry Davy refuarks^ 
If What may be our ultimate view of the l^^s 
of ch^i^, 01: how far our ideas of ele. 
ipenta^ priic^ciples piay b^ simplified, it i^ 
impossible to say ; we can pjaly ifpaso^ froxft 
^ facts ; y^e caxi^not imifc^te the pp^ers pf com- 
^f position belonging to.y^geta,We structures, feut^ 
<* at least^ we cm understand tfeen^ j ^pd a^s far as 
•« our researches have uijvdergonej^ it ^peaf s, that; 
in vegetation, compound fonns 2^re \iniform]ly 
produced i&om simpler qnes : and the elemient^ 
in the soijl, the atmospjtier^, and th^ eartibi* 
absorbed and made parts of beautiAjil and 
" diversified structures^*' 
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ARRANGEMENT OF CHEMICAL PRINCIPLES, 
AND PRACTICAL DEDUCTIONS. 



I 



Before enterittg into a further inquiry of the 
principles of any particular operations of husban- 
dry, a general view of the workings of nature in 
her various processes and proceedings, may ma- 
terially assist in directing attention to the proper 
points J for this piupose, the following explan- 
ations and arrangement are offered. 

AU things that constitute animated nature are 
reducible to the same primitive or elementary 
principles,-^viz. oxygene, hydrogene, nitrogene, 
carbon, and earth. The three first are permanent 
elastic fluids, or gases ; the fourth a permanent 
substance; and althdugh the earths are proved, by 
Sir Humphry Davy, to be compounds of highly 
inflammable metals and oxygene, it does not ap- 
pear that they are found in any other state than as 
such compounds, in vegetables or animals ; nor 
that it is, necessary they should be further subdi- 
vided, either for the reproduction or suste- 
nance of vegetables, or animals. I shall, there- 
fore, take the liberty, in the pursuit of my 
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subject, to considier the earths as elementary 
principles. 

Qxygene is the vital air of life, the principle 
of combustion, and the vehicle of heat, — the 
pure air of Kirwan. 

Hydrogene is the basis of inflammable air, 
and is the lightest of all ponderable things,— the 
inflammable air of Kirwan, 

Nitrogene or azote is the opposite of oxy- 
gene, and is incapable of supporting combustion, 
and animal life. 

Carbon is the basis of common charcoal, 
divested of all its impurities. 

Atmospheric air is compounded of the two 
different permanent substances, oxygene and 
nitrogene, combining and uniting in certain 
proportions, and rendered atrial by the expansive 
power of heat pr caloric. 

Water is formed by the two permanent subh 
stances, oxygene and hydrogene, combining or 
uniting in certain proportions, and which, in its 
common state, always holds a certain portion of 
earth in a state of solution, and generally of 
carbon also. 

As these elementary substances are in them- 
selves indestructible, and, combined in different 
proportions, form the whole of both animals and 
vegetables, it clearly appears that animal and 
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vegetable mattery in the general composition and 
continuation of the world, is divisible ordyy and not 
destructible ; and that therefore, as far as we are 
able to comprehend, the animal and vegetable 
parts of the creation are continued and sustained 
by transmutation : or, in other words, that the 
process of nature in creating and constructing, is 
carried on by the continued operations of compo- 
sition and decomposition. 

Thus animals forming the superior part of 
the creation, are endowed with the powers of 
destroying, masticating, digesting, and decom- 
posing the substances of both animals and 
vegetables. 

And vegetables which are more delicately 
formed, seem peculiarly designed by nature to 
act in unison with animals, in continuing the 
animated world, by bringing the di^ded sub- 
stances again into union and action. 

Animals devour both animals and vegetables 
to support themselves, and by this they are at 
the same time made rostrumental in preparing 
the food of plants, by facilitating the decom- 
position of both animals and vegetables. 

From the peculiar organisation of vegetables, 
their food can only be taken up in a state of 
liquid, and water is the only vehicle by which it 
can be administered. 
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Whatsoever, therefore, constitutes the grand 
invigorating or accumulating principle in the food 
of plants, must be reducible to a soluble stat^, 
or be placed in a state of minute divisibility. 

Alliiough water in its pure state contains hy- 
drogene and oi^ygene only, as it is necessarily 
brou^bi in contact with, or made to pass through 
aoiimal and vegetable substances, which are 
always scattered over the surface, or contained 
in the soil, before it can come within re^ch 
of the roots^ it dissolves, or combines and 
carries with it the carbonaceous matter. 

Plants possess the power of decomposing wa« 
ter, and in the composition of their own various 
substances, of retaining and applying the carbon, 
hydrogene, and earth, and a portion of oxygene^ 
and at the same time of emitting the superflupusi 
oxygene as excrementitious. 

Animals by respiration decompose the atmo-* 
spheric air, retaimng th^ oxygene, and emitting 
the nitrogene* ^ 

AmBoals and vegetables when delved of life, 
aad left to spontaneous decay, are decomposed 
by fermentation, and by thisjuroc^s, carbon^ and 
^arth are deposited,, and oxygene, which is in- 
f^reased by absorption,, is disposed o:^ by part 
forming cajrbonic oxyde,. and part carbonic acid 
gas : the hydrogene and nitrpgeiije are emitted 
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as simple gases, or united $ta aoimQnia : the 
hydrogeae ^so, is often combined with cajTbop, 
forming carburetted hydrogene gas. 

Carbonic a?id gas, or fixed air, is formed by a 
cer^aip portion of carbon being dissolved and 
held in solution or combination by oxygene, 
and is more ponderous than atmospheric air. 

Carbonic oxyde is composed gf carbon, and a 
portion pf oxygene less than sufficient to pro- 
duce carbonic a^id» 

Carburetted hydrogene gas, is carbon dissolved 
in hydrog^ne^. and is much lighter than atmo- 
spli^ric air j it ia this gas by which balloons are 
infeteds ^nd which is bwrnt to give light, instead 
of oil, &^, in lampa, 

These elements being thus sepwated*^ are 
9f^ pombine^d by th» variaus processes of 

By the combustion of electricity, the pxygene 
gas emitted by vegetables, and the hydrogene gas 
by putrescent animal and vegetable matter, are 
united and form water ; and the proportions are 
85 oxygene, and 15 hydrogene. By natural aflS- 
nity, oxygene gas is combined with the nitrogene 
gas, thrown off by the respiration of animals, 
and atmospheric air formed ; and the proportions 
are 22 oxygene, and 77 nitrogene. 

Carbonic acid gas, from its density, is readily 
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brought in contact with calcareous, carbona- 
ceous, and metallic substances, and alsp with 
water, and by these absorbed or decomposed. 

Conformably to the preceding doctrines, the 
cultivation of land, naturally is divided into 
two important operations, — ^viz. 

First, The adapting, improving, or correcting 
the surface of the earth, and the sub-soil, that it 
may receive and regulate a due supply of water, 
and afford a proper accommodation for the roots 
of vegetables. 

Secondly, The regulating and furnishing the 
needful supply of food for such plants, and for 
such purposes as it may be desirous to cultivate ; 
or to furnish such plants as the soil is best 
adapted to support. 

To be enabled to form a correct judgment on 
these points, it wUl be necessary, first, to com- 
prehend the nature and properties of the roots of 
plants, and also of their stalks, branches, and 
leaves. 
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To give life and motion to the seeds of plants^ 
a certain portion of water, and of oxygene or 
vital air, and a degree of heat of about 50^ Fa- 
renheit, is necessary. ' A seed being placed in 
the earth under these circumstances, it imme- 
diately absorbs moisture, and gradually swella 
to the extent of its shell, or skin, when the 
radicle, or first root, protrudes itself, and in 
whatever position the seed be placed, assumes 
a perpendicular direction, and graduaUy makes 
its way downwards into the soil; and the germen 
also assumes a perpendicular position, and grows 
upwards. A great number of experiments have 
been made to ascertain the peculiar principles, 
which influence and give direction to the first 
rudiments of plants, and many are recited by 
Sir H. Davy ; but whether the first inclinations 
of a plant be considered as instinctive, or whe- 
ther, by the influence of any peculiar principle, 
the root is impelled forward into the earth, is 
of trifling importance to the practical agricul-; 
turist : and whether it may be accounted for on 
the principles of gravitation, or attraction^ it is 
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not necessary for my present purpose to discuss. 
It is progressive in its gro^h, similar to the 
branches, but in an inverted directicm. 

As the branches of a tree are formed by a 
very tender and succulent point, pushing up- 
wsird^ ifito the skj ^ Ih^ ro6t penetrates dotvn- 
Wdrds into the e^rth ) bat ais it has to make its 
way through the potes, iyr beitween the particles 
eoniposing the soil it is planted in, which is 
often close afttd tetiakii6us, its fifst pi'djecting' 
pointi$ ai^e wisely adapted to th^e purpose, by 
being much mof e mimitei and compilable, which 
emables^ it to advawce^ athlaost as readily as water. 
Ajfter a root fe'as eflfecfed a pasTsage, it is en- 
dowed with eonslderalyle expansive and repul- 
sive powerSjj and thefefey enabled to tiiake its 
Way, by pti^ng off on aH sides thie eneumbering 
soil* Wkett the scffl h^ but patrtiaBy subtnissive, 
the toot aecomnio^tels ifeelf to iJne cafvity, ad- 
lariiBtiilg' ife itortpeasre^ hONsteter rugged arid rrre- 
gfldal^. Roots are^ notwithsti^dirrg, iinpatierit of 
^^tftricief, and att all th»fe& etittce vL partiAlily 
fb* that soil which is mc/9t accomm:odatii^, and 
i?un mo^ evenly and luxuriantly, wher6 they 
fiie^t with the leiast resistalriee, and the greatest 
supply of Htria4fi(tient. 

The office of 6ie root is^ to coHect send supply 
fte food, which forms and detorMties the future? 

ft 
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pMnt and its produce, and the constitution and 
habits oF the roots determine those of the stalk, 
braiiches, and leayes ; if the roots grow luxuri- 
antly, the branches will also. 

A variety of means have been resorted to by 
ph3i:ologists, to discover and ascertain the con- 
struction and principtes of action of the roots 
of plants, and as various and contradictory have 
been their opinions and representations j but in 
the material point all agree ; and the most mi- 
nute examination, by tiie most powerful micros- 
cope, confirms the fact, that the food of plants 
can only be taken up by the roots in a state of 
solution in water, or suspended in a state of di- 
vision, so minute as to be equal to a solution. 

In a deep tenacious soil, or clay, roots can 
only find a free passage through fissures or 
cliefts, which are formed by its occasional con- 
traction, and as these openings are not very 
numerous, or . close together, the roots do not 
divide much, or become . fibrous, but tiiose 
which strike into them range wide arid deep, 
and getting beyond the general influence of the 
sun and air, collect their food, ot sap, from a 
source ill adapted to fructification j and, conse- 
quendy, plants under such circumstances are 
generally found to be of a cold, aqueous, un-^ 
healthy, and unprolific nature : on the contrary. 



80 ON THE ROOTS OF PLANTS. 

when a soil is light, porous, and shallow, the 
roots meeting no obstruction, divide and form 
a great number of fibres, which ranging hori- 
^zontally, and being more exposed to the effect 
of sun and air, incline a plant more to be- 
come fructiferous than to an increase of wood, 
or an extension of branches; and. in such a 
situation, the greatest supply of food being ap- 
propriated to the production of fruit or seed, 
the plants grow less to stalk, branches, and leaf. 
Hence it is very truly remarked by an inge- 
nious writer on fruit trees, that " they produce 
the most generous fruits when their roots spread 
near the surface of the earth,'* and whether we 
consider such effects to be produced by the 
roots being kept more within the influence of 
the sun and air, or by the peculiar nature of 
the food supplied by the soil in such a situa- 
tion, it operates in support of one and the same 
conclusion, viz. that it is necessary the roots 
should be kept near the surface ; for whether 
that which suppUes the food of plants be a red, 
a black, or a brown loam, or sand, or clay, the 
proper quality of food, or habit in the plant, 
to induce fructification, and produce the most 
perfect seed and fruit, and the most abundant 
quantity, can only be furnished within a certain 
depth. 
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Thus the roots having collected and absorbed, 
or taken in, a supply of food or nutriment, for 
the sustenance of the plant, the next object 
for consideration is, how, or in what manner, or 
by what means, such food is disposed of, and 
appropriated to the uses of the plant, and to the 
formation of its various substances ; and this I 
shall proceed to show is determined by the 
leaves, stalk, and branches. 
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Upon what principles, arid by what application 
df power, the rise of the sap from the roots, 
and its distribution and transformation into the 
different parts and produce of the plant, is con- 
ducted, is a question that has long been agi- 
tated, and which has given rise to much spe- 
culation, argument, and difference of opinion 
among the learned. The use and oflBce of the 
leaves of plants, also, have been a subject as fully 
argued and discussed, and with as little prac- 
tical effect ; but these objects are of much more 
importance than is generally considered by agri- 
culturists. The nutriment being received from 
the root into the stalk, becomes what is termed 
the sap, and this is sent forward and appro- 
priated to the different purposes of the plant, 
in which process the leaves will be found to be 
agents of great influence in determining the 
produce. 

Many describe the sap in vegetables as circu- 
lating, like the blood of animals, through an 
appropriate system of vessels j whilst others deny 
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the possibility of such circulation, or even the 
existence of such vessels, 

Bradley says, " The many curious observa- 
« tions which have been made concerning the 
" structure of animal bodies, and what Dr. 
" Grew, Malpigius, and myself have remarked, 
in the structure of vegetables, may ascertain 
to us, that life, whether it be animal or vege* 
** table, must be maintained by a due circula- 
** tion and distribution of juices in the bodies 
** they are to support.** 

" The sap circulates in* the vessels of plants 
<< much after the same manner as the blood 
<* doth in the bodies of animals." And after a 
variety of abstruse arguments, he says, ** In 
« fine, a plant is like an alembic, which distils 
" the juices of the earth ; as, for example, the 
" roots having sucked in the salts of the earth, 
^ and thereby filled itself with proper juides for 
" the nourishment of the tree, these juices then 
" are set in motion by the heat, that is, they 
are made to evaporate into steam, as the mat- 
ter in a stiU will do when it begins to warm. 
" Now as soon as this steam, or vapour, rises 
" from the root, its own natural quality carries 
" it upwards to meet the air ; it enters then the 
" mouths of the several arterial vessels, arrives 
** at the extreme parts of them, i. e. the bud^ 
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" of a tree, it there meets with cold enough to 
" condense it into a liquor, as the vapour in a 
" still is known to do ; in this form it returns 
" to the root down the vessels, which do the 
" office of veins, lying between the wood and 
" the inner bark, leaving, as it passeth by, such 
" parts of the juices as the texture of the bark 
will receive and require for its support/* 
Miller says, " The notion of the circulation 
was entertained by several authors much about 
" the same time, without any communication 
" one with another, particularly M. Major, a 
physician at Hamburgh, M. Peracett, Mari- 
otte, and Malpighi : it has met, however, with 
some considerable opposers, particularly the 
" excellent M. Doddart, who could never be 
" reconciled to it ' 

" M. Doddart, instead of the same juices' 
" going and returning, contends for two several 
" juices J the one imbibed from the soil, digested 
" in the root, and from thence transmitted to the 
" extremes of the branches, for the nourishment 
" of the plant ; the other received from the 
" moisture of the air, entering in at the extremes 
** of the branches ; so that the ascending and 
" descending juices are not the same/' * 

Mr. Knight is also an advocate for the doc- 
trine of circulation, and has published a variety 
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of papers reciting a number of experiihents that 
he made, and which he considered to confirm 
the fact. And Sir H. Davy conforms to his 
opinions, and says, " In all plants there exists 
** a system of tubes or vessels, which, in one ex- 
" tremity, terminates in the roots, and at the 
" other in leaves. It is by the capillary action 
" of the roots, that fluid matter is taken up from 
"the soil. The sap, in passing upwards, be- 
" comes denser, and more fitted to deposit solid 
" matter ; it is modified by exposure to heat, 
" light, and air, in the leaves ; descends through 
" the bark, in its progress produces new organ- 
" ised matter, and is thus, in its vernal and 
" autumnal flow, the cause of the formation of 
" new parts, and of the more perfect evolution 
" of parts already formed." 

But Mrs. Ibbetson, (a lady who has studied 
the organism of plants, aided by a powerful 
solar microscope, and whose observations and 
descriptions are published in a series of papers 
in Nicholson's Philosophical Journal,) after giv- 
ing a variety of reasons which induce her to 
conclude that the sap does not circulate, says, 
" How strange, then, to alter all tjiis beautiful 
arrangement, justified, indeed taught by dis- 
section, in order to find a place for sap-vessels, 
" that cannot possibly require any. Fw why 
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" must they have returning vessels ? Is there 
«* not a grfeat difference between an animal which, 
after the first few years, has no increase, and 
a being that increases from every joint, and is 
** supposed, therefore, to draw up only those juices 
" necessary for that increase; especially as the sap 
" is the liquid of the earth, not the blood of the 
" tree, as is easily proved by adding nurture to 
" the ground, when the sap fails, which soon 
" restores it ? Besides, how is the circulation 
** to be effected in the eternally increasing 
" branches of a tree, whose every additional 
" twig must make a variation in the quantity of 
** juices wanted? Whereas, it is naturally de- 
" creased as it mounts, by throwing out new 
" shoots and branches, which expend the liquor 
" as it rises. And I believe I may say, that I 
" am now so well acquainted with all the differ- 
** ent vessels of a tree, that I can no longer fail 
" from ignorance : but here, except the inner 
" bark vessels all proceed in a different direc- 
" tion, either round the tree, or from the centre 
" to the circumference, how is it possible that 
" such large and powerful parts should be in- 
^' visible ? 

** The use of dissection is to correct the use 
" of imagination, or those experiments which 
•^ have that effect, forcing the juices into chan- 
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^* nels foreign to that which nature had apppini^ct 
** for them. I have before said, that I have ev?r 
^* found nature dispos^ tp such resources, in 
*^ case of any unnatural impediment I have 
" myself proved if 

The effect of grafting Shows that the sap does 
not circulate ; or, at ^ny rate, if it does circu- 
late, that it undergoes no change by the ascend- 
ing and descending motion : and this also shows 
the fact, that every part of a plant possesses the 
power of selecting and transforming the portion 
^f fluid destined to its use as it passes up. 

If the sap be passed through the body of a tree 
to its leaves, apd there prepared £md returned 
back, that part of the tree which is uppermost, 
fmdproducing^one variety of wppd apd fruity paust 
possess the ,powQr of preparing the fluids for th^ 
production of every other variety below it, unless 
the SAP be supposed to pass up and return in the 
same state, which amounts to a superfluity of 
motion, and an excess of exertion, seldom found 
in nature. This subject has always excited con- 
troversy among phytologists, and notwithstand- 
ing the great variety of ingenious and elaborate 
experiments that have been made, they not only 
have not been sufficiepitly conclusive to produce 
unanimity of opinion, but the subtle and prolix 
xgUfnents that have been addjuced on both sides 
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of the question, have operated more to confuse 
than benefit the practical gardener or husband- 
man, and have induced a careless destruction^ 
rather than an effectual protection, of the leaves 
of plants. 

The leaves, however, will be foimd to form a 
most impoilant part in the structure of a plant, 
and to be destined to perform an essential office 
in the process of vegetation. 

Miller, in speaking of fruit-trees, says, " If 
" the shoots have not a leading bud where it is 
" cut, it is certain to die down to the next 
** leading bud ; so that what fruit may be pro- 
" duced above that, will come to nothing, there 
'" being always b necessity of a leading bud to 
" attract the nourishment ; for it is not suffici- 
" ent that they have a leaf bud, as some have 
** imagined, since that will attract^but a small 
** quantity of nourishment. The great use of 
'" the leaves being, to perspire away such crude 
** juices as are unfit to enter the fruit.** 

Again, " If we consider that the leaves are 
absolutely necessary to cherish the blossom- 
buds, which: are always formed at the foot- 
" stalks of the leaves, so pulling them off, before 
" they have performed the office assigned thefm 
"by nature, is doing great injury to the trees.** 
The Rev. Mr. Hales, in his Treatise on Vege- 
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table Statics, giving an account of an experiment 
he instituted to prove the use of leaves in plants, 
says, " That boughs of trees witli leaves on them, 
" placed in glasses containing known quantities 
^* of water, imbibed, some twenty, some thirty 
ounces in twenty hours, day, more or less, 
in proportion to the quantity of leaves they 
had, and when he weighed them at night they 
were lighter than in the morning ; while those 
" without leaves, imbibed but one ounce, and 
were heavier in the evening than in the morn- 
ing, they having perspired little." 
This eminent author also says, " It is plain, 
" from the many experiments and observations 
" before mentioned, that leaves are very ser- 
" viceable in this work of vegetation, by being 
** instrumental in bringing nourishment from the 
*^ lowest part within the reach of the attraction 
of the growing fruit ; which, like young ani- 
mals, are furnished with proper instruments to 
•** suck it thenfce. But the leaves seem also de- 
** signed for many other noble and important 
" services, for nature admirably adapts her in- 
<^ struments, so as to be at the same time service- 
" able to many good purposes.'' 

Mrs. Ibbetson cites a number of experiments 
she made, to prove that plants do not perspire : 
she, however, admits that plants continually give 
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put oxygene while the sun shines, and in this 
particular all naturalists and physiplpgists agree. 
It was a maxim of the great Sir Isaac Newton, 
that in all scientific investigations of the opera- 
tions of nature, for the purpose of ascertaining, 
jestahlishing, and producing causes and eJQfects, 
substances should not be unnecessarily multi- 
plied. 

If, . then, in conformity with this, and as be- 
fore explained, we suppose the food of plants to 
be water, holding in solution carbonaceous mat- 
ter, and that the roots take up this liquid, and 
that plants have the power of decomposing it- 
water being composed of oxygene and hydro- 
gene— the hydrpgene and carbon might be com- 
pounded in different prppprtions with a portion 
of oxygene, and formed into the different sub- 
stances of the planti and the remainder given 
out as gas ; and then we have only to believe 
that the leaves are essential to the process, and 
the fact cited by Dr. Hales, that plants absorb 
and dispose of water, will be sustained, and 
miany jarring opinions will be reconciled. 

Admitting that a plant receives food, to sus- 
tain and extend itself, for the various purposes 
required by nature, and that, in this respect, it 
is aimilar to animals, may we not suppose* that 
as no ammal b known to appropriate the who}e 
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of the food it takes into the stomach, to the inr 
crease of its permanent substance, — a consider* 
able portion being thrown oiF as excrement, — -» 
plants also appropriate a part only, and throw 
off the remainder as excrementitious ? And if 
so, what part of a plant appears so likely to be 
prepared for this purpose as the leaves? Th^ 
food being taken up as a liquid, and duly ap* 
plied to the needful purposes of the plant, the 
Buperfluous part of the oxygene might be passed 
off in vapour or gas, and the hydrogene, carboy 
&c. with the leaves. 

A very important question is also quoted by 
Miller, as put by the Rev. Mr. Hales, in addition 
to some queries by Sir Isaac Newton : " And 
" may not light also, by freely entering the ex- 
** panded surfaces of leaves and branches, contri- 
** bute much to enobling the principles of vege- 
** tables ?*' Which must certainly be answered in 
the affirmative, if, by enobling vegetables, is to 
be understood, their being put in a proper state 
to produce blossoms, fruit, and seed, in maturity. 
It is not only obvious, that without light, vegeta- 
bles will not produce blossoms or seed, but that, 
in proportion as plants, or any parts of plants, 
from being crowded together, overshadow each 
other, so will they be deficient in produce. The 
most simple appearance and habits of every plwt 



92 ON THE USE AND OFFICES 

clearly, demonstrate the absolute necessity of 
light, to stimulate and sustain the generating 
faculty ; which is the grand object of our labour 
and study in that part of agriculture immediately 
under consideration. 

It may further be observed, that it is an un- 
deviating law of nature, that no plant shall 
produce blossoms, or fruit, until it be furnished 
with a surface of branches, stalk, and leaves, 
proportioned to the quantity of fluids supplied 
by the roots. 

Thus we find, that if two plants are placed, 
one in a rich luxuriant soil, and the other in a 
poor dry soil, the supply of food collected by 
the roots of the one in the rich soil will be 
large, and consequently the roots, branches, 
and leaves, will be large. The supply furnished 
by that in a poor dry soil will be small, and 
the surface of the stem, branches, and leaves, 
will be small ; and thus the surface of the trunk, 
branches, and leaves, being in each case in due 
proportion to the annual produce of fluids, (pro- 
vided each be alike exposed to light and heat,) 
will each alike, in point of time, attain maturity, 
and produce seed or fruit. 

Plants growing close together, run up tall, 
which is occasioned, by a natural propensity to 
spread and expose their surfaces to the sun and 
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air, each continuing to grow more in height 
than the other, until it is beyond obstruction. 
Hence those plants that are grown in 9 clump 
are always the shortest on the outside, for as 
these are sooner satiated, they stop and allow 
the others to overtop them. 

Every artificial means resorted to by garden- 
ers, to force plsmts to a fructiferous state, is de- 
termined by this law, and whether by forcing 
and facilitating an extension of surface by ar- 
tificial heat, or shelter ; or by lessening the sup- 
ply of sap, by curtailing its roots, or channels of 
conveyance, the effect is the same. 

This law, indeed, which determines the 
growth and produce of a plant, is very similar 
to that which governs the process of evaporation. 

As the evaporation and inspissation of a fluid, 
are determined by the extent of surface, ex- 
posed to the action of heat, the preparation of 
the fluids in a plant for fructification appear to 
be governed. Thus if a vessel, presenting a 
certain surface, be deprived of one- half of its 
contents, the remaining half will be evaporated, 
or inspissated, in the same time that the whole 
would have been, if placed in a vessel exposing 
double the extent of surface. We may, there- 
fore conclude, that as it is the law of nature. 
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that in an open vessel, containing a liquid, the 
greater the surface of the liquid exposed, the 
greater will be the quantity evaporated in a 
given time, and the greater the quantity of ex-^ 
tractive matter prepared; so it is with vege- 
tables, the greater the surface of leaves and 
branches exposed to the light, and the influence 
of the sun and air, the greater the quantity of 
fluid disposed of, . by being digested, appro- 
priated, and expelled ; and the greater the quan- 
tity, and richer the quality of food and sap 
supplied, and raised by capillary attraction, c^^ 
otherwise ; the greater the quantity and richer 
the quality of the matter furnished, to be re- 
tained and appropriated by every part of the 
plant to its various purposes, either of genera- 
tion, or of substantial increase. 

Again, the fruit of a plant being considered, 
as requiring for its formation, a regularly pro- 
portioned arrangement of its organs, and a due 
supply of healthy sustenance, we may trace the 
progress of nature to this effect, on the fore- 
going principles, more clearly than by the doc- 
trines of circulation, gravitation, or any other 
theory that has been suggested ; and we may 
conclude that it is with vegetables, as with ani- 
mals, required to sustain health, that the grand 
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ifiachinery be preserved uninjured and com* 
plete ; and in conformity with this, if we wish 
to limit the size, or surface of plants, we must 
Hmit the food ; this is the only check, or re* 
straint, nature will admit ofi without entailing 
future loss. 

That her great work of creation and propa* 
gation, may not be obstructed and retarded in 
vegetables, by the accidental privations they are 
subject to, from being made subservient to the 
use of animals ; nature, all bountiful in her pro^ 
vision, and ever fertile in resources, has giveti 
them the power within themselves, to a great ex- 
tent, of repairing and retrieving their losses ; 
and to this end, every plant and every brtoch, ii^ 
furnished with more buds than are required for 
the immediate formation of branches or blos- 
soms, so that if one be destroyed, another ttiay 
be ready to take its place, and prevent a waste 
of time, or surface ; thus we find that the ef- 
forts of a plant, from the seed forwards, are to 
attain and acquire, the surface proportioned by 
its nature, to the supply of food, necessary to 
enable it, to fructify, and propagate its species ; 
and the juices continue to flow until it has ob*- 
tained this required extent. 

From the preceding observations it must be 
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concluded, that although the leaves of plants, 
may in themselves, be of little value in contri- 
buting to the nutriment of mankind, they form 
an essential part in their organisation, for the 
production of seed and fruit, the quantity and 
quality of which will be in proportion to the 
condition, or state of health, and exposure of 
the stalk, leaves, &c. : this may readily be de- 
monstrated, by placing plants under the circum- 
stances of both extremes ; thus, if the leaves of 
a seedling plant of wheat, or a turnip, or a 
potatoe, be removed as fast as they appear, 
neither seeds, bulbs, or tubers, will be produced 
in any quantity, or quality, worthy of notice ; but 
if the leaves of such plants are preserved, and 
allowed a space sufficient to expand their full 
extent, and be open to the influence of the sun 
and air, they will attain the utmost size and 
state of prolificacy the soil, and quantity and 
quality of food, is capable of producing. 

The capacity of a soil, and the distance plants 
ought to be placed from each other, may rea- 
dily be determined, by allowing a few plants a 
larger space than they will probably occupy ; 
and the space they then cover by their leaves, 
may be taken as the distance required by each 
plant, to enable it to attain perfection. 
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. Plants that are excluded from the presence of 
the sun and light, and the free circulation of 
air, give out carbonic acid gas: thus when plants 
are crowded together and overshadow each 
other, they are, by a waste of their carbon, 
throwTi off as carbonic acid gas, debiUtated and 
deprived of the needful stamina; which is often 
followed by sterility, putrefaction, disease, and 
death. 

An attention to these principles will enable 
the husbandman, with great accuracy, to judge 
of the difference between thick and thin sowing, 
and to determine the proper medium ; and will 
show the folly of removing or destroying the 
leaves of plants designed to produce seed, fruit, 
or roots, until these are perfected. 
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The food of plants has for a long time been 
considered an object of importance, by natural 
philosophers, and a great variety of experiments 
have been made, to ascertain what it consists of, 
and in what state of preparation it is most 
readily and effectually appUed j and many con- 
clusions have been drawn, and conjectures 
formed. As before explained, the earth, ani- 
mals, and vegetables, have been analyzed, and 
their component parts minutely described, by 
hien of the greatest talents and learning ; but as 
yet no one has arranged and described such a 
system of cultivation as will enable a person to 
trace effects to their causes on just scientific 
principles. Much has been founded on conjec- 
ture, and much still remains to be determined 
by practical observation and demonsti^tion. 

Vegetables, like animals, vary in. their natuie 
and habits, and like them have their peculiar 
food; and although the food of plants may ge- 
nerally be composed of the same elements, it 
varies in the proportion of its composition, and 
thereby becomes adapted to different purposes : 
thus we find that a soil, which will furnish food 
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enouig^ to support one plant of a peculiar Jkind, 
will at the same time furnish sufficient to sustain 
many others of different species. 

Bradley, in the work I have before noticed, 
says, ^< Land animals may be likened in general 
to those plants which are called terrene, for 
that they live only upon the earth, such as 
<* oak, elm, beech, &c. ; amphibious animals, 
** such as otters, beavers, tortoises, frogSj &c., 
«* which live as well on the land as in th6* 
^* waters, may be compared to the willows, 
" alders, minths, &c. The fish kind, or aquatic 
<* race, whether pf the rivers, or the sea, are 
** analogous to the water plants, such as water 
" lilies, water plantains, &c, which live only in the 
** fresh waters, or the fuci, &c., which are sea 
" or salt water plants, and not any of these will 
** live out of its own element ; from whence 
we may conclude, how improper it would be 
to plant a water lUy on a dry sandy desert, 
** or an oak at the bottom of the sea, which 
*' would be just* as reasonable as if we propose 
** to feed a dog with hay, or a horse with fish: 
" however, thisr rule of nature has been so little 
^* observed, even by some of our greatest plants 
** ers, that we can hardly boast of good suo- 
. *• cess, in one out of five plantations that have 
** been made.'* 
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He also says, "I shall beg leave to remark^ 
<< that as the several land animals have their re- 
" spective diets, so have the terrene plants their 
** several soils, from whence they derive their 
<< nourishment^ as some animals feed on fleshy 
'' others on fish, &c., so do plants love, some. 
" clay, others loam, sand, or gravel. Nor is this 
" all we ought to observe ; we must consider^. 
" likewise, how beneficial to every plant is a 
^ right exposure ; whether in a vale, the sides 
". or tops of hills, exposed to the south or north. 
" winds ; whether inland, or near the sea, for. 
" it is a proper exposure that keeps a plant in 
*^ health.** 

Bradley, Hitt, and Miller, consider the food» 
of plants to be salts, which every species of earth 
more or less contains within itself; and that 
according to the proportion of salts, contained* 
in each kind of soil or manure, will its proli- 
ficacy be. 

That soils, and vegetable and animal matters, 
may be found to produce salts, under certain 
circumstances and chemical processed, I have no 
doubt ; but this does not prove it to be necessary, 
that every substance, or any substance, con-, 
taining the basis or elements of salts, should, 
imdergo this process, and be formed into 
salts, before it can be in a state to constitute; 
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food fit for the reception and nourishment of 
plants. 

Salts are various in their nature and general 
effects, when placed in contact with other sub- 
stances. 

I have made many experiments with sea-salt, 
nitre, soda, barilla, ahim, &c., and have never 
found them operate as a proportional addition of 
food may be expected to do. 

The opinions of Drs. Smith and Pearson on this 
subject appear more rational. They say, that salts, 
as they operate in promoting vegetation, are ana- 
logous to mustard, cinnamon, ginger, &c., which 
are not of themselves at all, or necessarily nu- 
tritious, but contribute to render other things 
nutritious, by exciting the action of the stomach 
and other organs of digestion and assimilation. 
Salts being considered to operate in this manner, 
in promoting vegetation, we are naturally led to 
their proper application, that is, in small quan- 
tities, or in a state of weak solution. 

Notwithstanding all that has been said to es- 
tablish the 'opinion, that sea-salt is a valuable, 
manure, I am convinced it never can, as an 
article of food, contribute to the increase of any 
vegetable ; but as a chemical agent, by destroying, 
and facilitating the decomposition, of animals a^nd 
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vegetables, or by its xleliquiescence it may in 
some instances increase the fertility of the soiL 

Alkaline salts, no doubt, facilitate the solu- 
tion of many animal and vegetable substasK^s ; 
they also increase the divisibility, change the com- 
bination, ajad otherwise exert an influence on the 
$oil itself in a manner that adds much to its 
^rtUity ; indeed, there are mapy rea^sons for be- 
lieving that alkaline salts increase the fertility 
of soils, and the fertilizing powers of manures, 
when mixed or combined with them : the 
urine of cows, horses, 4Scc., always contain a 
portion of alkaline salts, and this is more fer- 
tili;zipg than the dung of those animals. By 
jthe reduction of vegetables by fire, alkaline salts 
are producied ; and the action of fire on the 
soU generally adds to its fertility : indeed, in a 
great nupibier of experiments, made with a view 
to ascertain the most fertilizing, and the most 
really aj^licable and operative manure, or food 
for plants ; I have found the serum, or the watery 
part of blood, diluted with six or eight tim^ ita 
biilk of water, and given to plapts in the same 
quantity, and in the same maimer^ as when 
supplying them with water, once or twice only 
in the year, to produce the most immediate, 
and most fertilizing effects of any thing j whilst 
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the crassamentum, or clotted part of bloody lefl 
to nature, was not beneficially operative, until 
decomposed, and even then, was nothing equal 
to, the serum in its effects; and the difference 
in the composition of those separate substances,^ 
is, that serum contains one-fortieth of alkaline 
salts, and the clot none. But if the clotted 
part of blood be broken small, and well mixed 
with three times its bulk of water, in which 
potash, in the proportion of one-fortieth part 
the weight of the blood, be dissolved ; the blood 
will be reduced, and the liquid be rendered 
equally effective as the serous part. And if 
the clotted part be mixed with as much slacked 
lime as will form it into a thick paste, it will dis* 
solve, and be immediately applicable ; but is not 
so immediately efficacious as the solution by salts. 
It, however, must be remarked, that clotted blood> 
mixed with quick lime, and left drying for a short 
time, will not dissolve, and is rendered useless* 
Mr. Kirwan, after describing the analysis be^ 
fore quoted, observes, " Hence we see on the 
<< last analysis, the only substances common to 
** the growing vegetables, and the soils in 
" which they grow, are, water, coal, different 
" earths and salts ; these, therefore, are the true 
« food of vegetables : to them we should also 
« add fixed aijf, though by reason of its decompo- 
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** sition, it may not be distinctly found in them, 
" or, at least, not distinguished from that newly 
" formed, during their decomposition." 

He also says, " The agency of water, in the 
" process of vegetation, has not till of late 
" been distinctly perceived. Dr. Hales has 
"shown, that in the summer months, a sun^ 
" flower, weighing three pounds, avoirdupois, and 

regularly watered every day, passed through 

it, or perspired, twenty-two ounces each day j 
" that is, half its weight. 

" Dr. Woodward found that a sprig of com- 
•* mon spearmint — a plant that thrives best in 
*< moist soils, weighing only 28.25 grs., passed 
" through it 3004 grs. in 77 days, between July 
<< and October, that is„ somewhat more than 
" its whole weight each day ; he did more, for 
" he found that in that space of time, the plant 
" increased 17 grs. in weight, and yet had no 
" other food but pure rain water ; but he also 
" found that it increased more in weight when it 
"lived on spring water, and still more when its 
" food was Thames water. Secondly, that the 
" water they thus pass, nourishes them merely 
" as water, without taking any foreign substance 
" into account; for 3000 grs. of rain water, in 
" Dr. Woodward's experiments, afforded an in- 
<* creasQ of 17 grs. : whereas, by Margraaf's ex- 
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** periment, 5760-grs. of that water contain only 
" one-third of a grain of earth. But, thirdly, it 
" also follows, that water contributes still more to 
" the nourishment of plants, besides the service it 
renders them in distributing the nutritive parts 
throughout the whole structure, forming itself 
" a constituent part of all of them, as may be un- 
" derstood from modem experiments. Dr. Injen- 
" houz, and M. Senebier have shown, that , the 
" leaves of plants exposed to the sun, produce[d 
" pure air : now water has of late been proved to 
"contain about 87 per cent of pure air, the re- 
" mainder being inflammable air. Water is then 
" decomposed by the assistance of light within the 
" vegetable; its inflammable part is employed in the 
^^ formation of oils, resins, gums, S^c. Its pure 
" air is partly applied to the production of vege-- 
" table acids, and partly expelled as excrement.*^ 
He further says, " To M. Hazenfrez we owe 
<* the discovery that coal is an essential ingre- 
" dient in the food of all vegetables. Though 
" hitherto little attended to, it appears to be 
"one of the primeval principles, as ancient as 
" the present constitution of our globe ; for it is 
" formed in fixed air, of which it constitutes 
" above, one-fourth part, and fixed air exists in 
" lime-stones, and other substances, which date 
" from the fitst origin of things. 
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«< Coal not only forms the residuum of all ve* 
<< getable substances that have under^ne a slow 
** and smothered combustion, (that is, to which 
«* the free access of air has been prevented,) but 
** also of all putrid vegetable aiid animal bodies^ 
^^ Hence it is found in vegetable and anitnal 
« manures that have undergone putrefaction, and 
" is the true basis of their ameliorating pow&rs; 
" If the water that passes through a putrefying 
dunghill be examined, it will be found of a 
brown colour, and if subjected to evaporation^ 
the principal parts of the residuum will be 
<< found to consist of coaL All soils steeped in 
** water, communicate the same colour to it in 
<* proportion to their fertility ) and this water 
** being evaporated, leaves also a coal, as Ha^en^ 
" frez and Fourcroy attest.*^ 

And again, « Hazenfraz and Fourdroy attes<^ 
< * that shavings of wood, being left in a moist 
<< place for nine or ten months began to receive 
** the fermentative motion j and being then 
^< spi'ead on land, putrefied after soihe time, aind 
** proved an excellent mafaure. Coal, however^ 
<* cannot produce its beneficial efiects but ii)a»- 
<^ much as it is soluble in water. The meanis of 
" rendering it soluble are not as yet well ascer* 
** tained : nevertheless, it is even now used as 
** a manure, and with, good eiSect.'* 
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<< In truth, the fertiUziiig power of putrid 
<< animal and vegetable «iubstances were pretty 
fully known even in the reoK^test ages j but 
most speculatists have hitherto attributed them 
to the oleaginous, mucilaginous, or saline par- 
*' tidies then developed ; forgetting that land is 
fertilized by paring and burning, though the 
oleaginous and mucilaginous particles, are 
* thereby consumed or reduced to a coal. And 
the quantity of mucilage, oil, or salt in fertUe 
<< land, is so small, that it could not contribute 
*^ the one-thousandth part of the weight of any 
** vegetable. Whereas coal is not only supplied 
"by the land, but also ly Jiooed air combined 
^* with the earths, and also by that which is con- 
" stantly let loose by various processes, and soon 
♦^ precipitates by superiority of its specific gra* 
" vity, and is then condensed in or mechanically 
" absorbed by soils, or contained in dew." 

Sir Humphry Davy says, " The necessity of 
" water to vegetation, and the luxuriancy of the 
« growth of plants, connected with the presence 
^« of moisture in the southern countries of the 
♦* old continent, led to the opinion so prevalent 
«< in the early schools of philosophy, — that water 
" was the great productive element, the sub- 
« stance from which all things were capable of 
** being composed, and into which they were 
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" finally resolved. Van Helmont, in I6IO, <!on- 
" ceived that he had proved by a decisive expe- 
" riment, that all the products of vegetables were 
** capable of being generated from water. His 
" results were shown to be fallacious by Wood- 

« 

" ward, in 1691* But the true use of water in 
<< vegetation was unknown till 1785, when Mr. 
** Cavendish made the grand discovery, that it 
" was composed of two elastic fluids or gases, 
<< inflammable gas or hydrogene, and vital gas 
*Vor oxygene. 

" Air, like water, was regarded as a pure 
** element by most of the ancient philosophers. 
** A few of the chemical enquirers in the six- 
** teenth and seventeenth centuries formed some 
" happy conjectures respecting its real nature. 
*< Sir Kenelm Digby, in I66O, supposed that it 
V contained some saline matter, which was an 
essential food of plants. Boyle, Hooke, and 
Mayow^between 1665 and I68O, stated that 
a small part of it only was consumed in the 
<< respiration of animals, and in the combustion 
** of inflammable bodies. But the true statistical 
" analysis of the atmosphere is comparatively a 
" recent labour, achieved towards the end of 
** the last century, by Scheele, Priestley, and 
** Lavoisier. These celebrated men showed that 
^* its principal elements are two gases, oxygene 
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** and azote, of which the first is essential to 
*^ flame, and to the life of animals ; and that it 
** likewise contains small quantities of aqueous 
•^ vapour, and of carbonic acid gas : and Lavoi- 
" sier proved that this last body is itself a com- 
" pound elastic fluid, consisting of charcoal dis- 
" solved in oxygene. 

" Jethro TuU, in his Treatise on Horsehoeing, 
" published in 1733, advanced the opinion, that 
" minute earthy particles suppUed the whole 
nourishment of the vegetable world. That 
air and water were chiefly useful in producing 
these particles from the land; and that ma- 
" nures acted in no other way than in ameliorat- 
" ing the texture of the soil : in short, that their 
agency was mechanical. This ingenious au- 
thor of the new system of agriculture, having 
" observed the excellent effects produced in 
" farming, by a minute division of the soil, and 
" the pulverization of it, by exposure to dew 
" and air, was misled by carrying his principles 
" too far. Duhamel, in a work printed in 1754, 
" adopted the opinion of Tull ; and stated, that 
<< by finely dividing the soil, any number of 
" crops might be raised in succession from the 
« same land. He attempted also to prove by 
" direct experiments, that vegetables of every 
" kind, were capable of being raised without 
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** manure. This celebrated horticulturidt lived, 
** however, sufficiently long to alter his opinion. 
<^ The results of his later and more refined ob- 
^ servations led him to the conclusion, that no 
<* single material afforded the food of plants. 
** The general experience of farmers had long 
" before convinced the unpremdiced, ofthe truth 
« of the same opinion, and Aat manures were 
absolutely consumed in the process of vegeta- 
tion. The exhaustion of soils by carrying off 
com crops from them, and the efiects of feed- 
" ing cattle on lands, and of preserving their 
<< manures, ofibr familiar illustrations of the prin- 
ciple. And several philosophical enquirers, 
particularly Hazenfraz and Saussure, have 
«* shown by satisfactory experiments, that ani- 
^ mal and vegetable matters deposited in soils 
" are absorbed by plants, and become a part of 
"their organised matter. But though neither 
" water, nor air, nor earth, supplies the whole of 
*^ the food of plants, yet they all operate in the 
process of vegetation. The soil is the labora- 
tory in which the food is prepared: Mo ma- 
" nure can be taken up by the roots of plants 
" unless water is present j and water, or its 
"elements, exist in all the products of vegeta- 
" tion. The germination of seeds does not take 
** place without the presence of air or oxygene 
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** gai». And in the sunshine, vegetables deconi'- 
** pose the carbonic acid gas of the atmosphere ; 
f < the carbon of which is absorbed, and becomes 
•* a part of their organised matter. And the 
<• oxygene gas, the other constituent, is given 
*« ofi': and, in consequence of a variety of agen- 
1« cies, the eccwiomy of vegetation i^ made sub- 
^* servient to the general order of the system ot' 
" nature. 

" It is shown, by various researches, that the 
•^ constitution of the atmosphere has been al- 
^* ways the same, since the time that it was 
^< first accurately analysed : and this must, in a 
<* great measure, depend upon the powers of 

plants to absorb, or decompose, the putrefying 

or decaying remains of animals and vegeta. 
<* bles, and the gaseous efflima which they are 
*' comta/ntly emitting. Carbonic acid gas is 
♦* formed in a variety of processes of ferraenta- 
^^ tion and combustion, and in the respiration 
«« of animalsj aad as yet no other process is 
<< known in nature by which it can be consumed, 
*^ except vegetation." 

Thus it appears to be a general opinion, 
among the chemical philosophers, that carbonic 
acid gas forms a preponderating ingredient in 
the constitution of the food of plants. And the 
means of its formation and production are alike 
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described by all, but as t6 the mannfer, or through 
what particular medium, it is supplied and con* 
sumed, these authors vary in their opinions j 
aiid I cannot but think. Sir Humphry Davy 
has taken a very mistaken view of this part of 
his subject. To show that there are other means 
in nature by which carbonic acid is consumed, 
than by the leaves of plants, we need only take 
his own description of the nature and proper- 
ties of lime. On this part of the subject he 
says, " Slacked lime was used by the Romans 
" for manuring the soil in which fruit trees grew; 
" this we are informed by Pliny. Marie had been 
" employed by the Britons and the Gauls, from 
*^ the earliest times, as a top^ dressing for land.^ 
" But the precise period in which burnt lime first 
" came into general use, in the cultivation of 
** land, is; I believe, unknown : the origin of 
the application, from the early practices, is 
sufficiently obvious. A substance which had 
" been used with success in gardening, must 
** have been soon tried in farming; and in coun- 
" tries where marie was not to be found, cal- 
" cined lime-stone would be naturally employed 
" as a substitute." 

" The elder writers on agriculture had ho 
«* correct notion of the nature of lime, lime- 
" stone, and marie, or of their effects, and this 
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was the necessary consequence of the imper- 
fection of the chemistry of the age. Calca- 
** reous matter was considered, by the alche- 
** mists, as a peculiar earth, which in the fire 
** became combined with inflammable acid ; and 
"'Evelyn and Hartlib, and still later, Lisle, in 
" their works on husbandry, have characterised 
" it merely as a hot manure, of use in cold 
" lands. It is to Dr. Black of Edinburgh, that 
" our first distinct rudiments of knowledge on 
" the subject are owing. About the year J 755, 
♦* this celebrated professor proved, by the most 
" decisive experiments, that lime-stone and all 
" its modifications, marbles, chalks, and marles, 
consist principally of a peculiar earth united 
to an aerial acid ; that the acid is given out in 
" burning, occasioning a loss of more than forty 
" per cent. ; and that the lime in consequence 
** becomes caustic. 

" These important facts, immediately applied 
** with equal certainty to the explanation of the 
** uses of lime, both as a cement, and as a 
" manure. As a cement, lime, applied in its 
" caustic state, acquires its hardness and dura- 
" bility by absorbing the aerial (or, as it has 
" been since called, the carbonic,) acid, which 
always exists in small quantities in the atmo- 
sphere J it becomes, as it were, again lime-stone/* 
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Now admitting that carbonic acid is a n€ces- 
sary part in composing the food of* plants, it 
appears to me that Mr. Kirwan's theory is by 
far the most probable. He says, " That car- 
" bonic acid soon precipitates, by superiority of 
** its specific gravity, and is then condensed in, 
" or mechanically absorbed by, soils, or con- 
'* tained in dew." He also further remarks : 
*• That plants do not thrive, but most frequently 
" perish, when surrounded by an atmosphere of 
" fixed air, has long been observed by that 
great explorer of the most hidden processes 
of nature, Dr. Priestley ; but that fixed air, 
*< imbibed by the roots, is favourable to their 
" growth, seems well established by the expe- 
" liments of Dr. Perceval of Manchester, and 
** fully confirmed by those of M. Ruskert. 
<< This last mentioned philosopher planted two 
" beans in pots of equal dimensions, filled with 
" garden mould ; the one was watered almost 
" daily with distilled water, the other with water 
^ impregnated with fixed air, in the proportion 
" of half a cubic inch to an ounce of water ; 
« both were exposed to all the influence of the 
" atmosphere, except rain j the b^n treated 
" with aerated water, appeared overground nine 
** days sooner than that moistened with distil- 
" led water; and produced twenty-five beans ; 
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** whereas the other pot produced only fifteen : 
** the same experiment was made with stock 
•*July flowers, and other plants, with equal 
" success. The manner in which fixed air acts 
" in promoting vegetation seems well explained 
" by Senebier. He first discovered that fresh 
" leaves exposed to the sun in spring water, or 
^ water slightly impregnated with fixed air, al- 
" ways produced pure air, as long as this im- 
" pregnation lasts; but as soon as it is exhausted, 
•♦or if the leaves be placed in water, out of 
** which this air has been expelled by boiling, 
" they no longer afFor d pure air ; from whence 
" he infers, that fixed air is decomposed, its car- 
" bonic principle detained by the plant, and its 
*^ pure air is expelled ; it appears to me ako, 
** dy acting as a stimulant, to help the decomposi^ 
*« tion qf the water.^' 

Sir Humphry Davy again says, " When a 
♦♦ growing planf^ the roots of which are sup- 
" plied with a proper nourishment, is exposed 
" in the presence of solar light, to a given 
" quantity of atmospheric air, containing its due 
" proportion of carbonic acid, the carbonic 
" acid, after a Certain time, is destroyed, and a 
" certain quantity of oxygene is formed in its 
" place. If new quantities of carbonic acid gas 
** be supplied, the same result occurs, so that 
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the carbon is added to plants from the air,, by 
the process of vegetation in sunshine, and 
" oxygene is added to the atmosphere.'* He 
adds, " This circumstance is proved by a num- 
" ber of experiments made by Drs. Priestley^ 
" Ingenhouz, and Woodhouse, and M. T. de 
" Saussure, many of which I have repeated 
" with similar results. The absorption of car-^ 
" borne acid gas^ and the production of oxygene^ 
" are performed by the leaf And leaves re- 
" cently separated from the tree, effect the 
. •* change, when confined in portions of air con- 
" taining carbonic acid, and produce oxygene,- 
" even when immersed in water holding carbo- 
" nic acid in solution.'* 

From what has been before said, on the nature 
and properties of the leaves of plants, it is not 
only pretty clear, that they are not furnished 
with organs, necessary for the double action, 
but it is in no respect necessary they should 
possess this power. Why should a plant be' en- 
dowed with the power of feeding at both ends, 
any more than animals, and when, like them, it 
is proved, that the taking in their food at one^ 
is suflBicient for all their purposes ? The expe- 
riment cited, of carbonic acid being absorbed 
by leaves recently severed from the tree, is no 
corroboration of Sir Humphry's theory, as it 
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does not appear, that the stems were sealed, 
and therefore they were left with the power of 
taking up the fluid through the usual and natural 
channels. 

Sir Humphry Davy again says, " Vegetable 
<< and animal substances deposited in the soil, as 
"shown by universal experience, are consumed 
" during the process of vegetation, and they can 
** only nourish the plant by affording solid matter 
" capable of being dissolved by the fluids in the 
" kaves of vegetables : but such parts of them 
" as are rendered gaseous, and that pass into the 
" atmosphere, must possess a comparative small 
" effect, for gases soon become diffused through 

the mass of the surrounding air.'* 

The great object in the application of ma- 
" nures, should be to make it afford as much 
** soluble matter as possible to the roots of the 
" plant y and that in a slow and gradual manner, 
" s6 that it may be entirely consumed in forming 
" its sap and organised parts." 
; And again, " No substance is more necessary 
" to plants than carbonaceous matter, and if this 
<* cannot be introduced into the organs of plants, 
" except in a state of solution, there is every 
"reason to suppose that other substances less 
« essential will be in the same case. I found by 
" some experiments made in 1804, that plants 
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" introduced into strong solutions of sugar, mur 
" cilage, tanning principle, jelly, and othar sub- 
" stances, died j but that plants lived in the same 
" solutions, after they had fermented. At that 
" time I supposed that fermentation was neces- 
" sary to prepare the food of plants, but I have 
** since found that the deleterious effects of the 
" recent vegetable solutions were owing to their 
** being too concentrated ; in consequence of 
" which, the vegetable organs were wholly clog- 
" ged with solid matter, and the transpiration of 
" the leaves prevented. The beginning of June in 
" the next year, I used solutions af the same 
** substances, but so much diluted, that there was 
" only about one two-hundredth part of solid ve- 
" getable matter in the solutions. Plants of 
" mint grew luxuriantly in all these solutions, 
but least so in that of astringent matter. I 
watered some spots of grass in a garden, with 
" the different solutions of jelly, sugar, and mu- 
" cilage, which grew most vigourously, and that 
" watered with the solution of tanning principle, 
<* grew better than that watered with common 
*• water. 

Again, <^ Mucilaginous, gelatinous, saccharine, 
« oily, and extractive fluids, and solutions of 
^^ carbonic acid in water, are substances that in 
** their unchanged states contain almost all the 
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** principles necessary for the life of pknts } but 
«* there toe few cases in which they can be ap^ 

plied as manures in their pure forms, and 

vegetable manures in general contain a great 
** excess of fibrous and insoluble matter, which 
** must undergo chemical changes before they 
" become the food of plants." 

I must confess I do not see the utility of Sir 
H. Davy's expressing such an opinion. To say 
the best of it, it appears, as Mr. Kirwan observesii 
to be but a speculation ; and as he do6s not state 
the few cases, it is worse than useless, inasmuch 
as it is calculated to mislead, bewilder, and con- 
fuse, and to shake the confidence of mere prac- 
tical husbandmen in the general doctrines of 
chemistry, 

I cannot but think it by far the most probable, 
that Sir Humphry Davy's first idea was the 
correct one ; and that such substances must be 
reduced by fermentation before they can be taken 
up by the roots. At any rate, under those cir- 
cumstances^ the etfect of such an application as 
he describes, to the roots of the plants, must 
have been the same, that is, death : but another 
cause of death much more probable may be as- 
signed, tlian that of the vessels being clogged 
with solid matter; vit. the oxygeni^ation, or 
acidifying of those solutions^ which most likely 
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destroyed the roots. At any rate, whenever I 
have found a plant wholly killed by the appli- 
cation of fermenting substances, I have observed 
the roots were first destroyed. I have no doubt 
of the correctness of Mr. Kirwan's observation, 
that " vegetables not only require food, but 
that food be duly administered to them, a sur- 
feit being as fatal to them as absoluteprivation.'* 
But the effect of surfeit in plants, is generally 
the same as with animals, and discovers itself by 
disease affecting different parts, in the manner of 
'Sores and putrefying wounds, which also, as with 
animals, are often followed by mortification and 
death. 

If, as Mr. Kirwan states, the more solid part 
of vegetables be submitted to dry distillation, 
or burnt in a close vessel, it will be reduced to 
charcoal ; and which will continue to occupy 
almost as much space, as the vegetable itself did 
previous to the change, and to retain the same 
figure and the same organic disposition. It is 
therefore very evident, that the basis of charcoal, 
which is termed carbon, not only forms the grand 
stamina of plants, but that it enters into the 
composition of e^ery part and produce of. ve- 
getables: it may hence be justly inferred, that 
if the plant be formed by the required . ele- 
ments, taken in at the root, (and of which there 
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can be tio doubt,) the basis of charcoal must, in 
that part of the food of plants which is supplied 
by artificial means, form almost an integral; 
aiid how to prepare, collect, and apply this sub- 
stance, is the grand desideratum. 

As Sir Humphry. Davy says, mucilaginous, 
gelatinous, saccharine, oily, and extractive fluids, 
and solutions of carbonic acid in water, are sub- 
stances that in their unchanged states contain 
almost all the principles necessary for the life of 
plants ; and all that is contained in these sub- 
stances, except the basis of charcoal, is contained 
in water; viz. oxygene, nitrogene, and earth. 
In the preparation of food for plants, therefore, 
the principal object must be to produce and 
apply carbon, and the manner of effecting this is 
still an object of doubt, difficulty, and uncer- 
tainty, which is evinced by the opinions even of 
those great philosophers which I have quoted. 

What Mr. Kirwan says respecting coal, is true 
enough ; but as to coal in itself, being made to 
form any part of the food of plants, I have never 
seen it proved ; that it has been applied as manure 
Mrith good effect, may be, but its operation must 
have been as an alterative in the soil, and a.pre^ 
ventative of putrefaction, and . not as affording 
carbonaceous matter to the plant. The shavings 
of wood, no doubt, might have been reduced 
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to charcoal, by liie apecaiion of fire, but woi]dd 
tiiey in this state have afiforded as much of the 
basis of charcoal in a soluble state, as by the result 
of oxydizement or fermentation ? Certainly not : 
then it may be inferred, that to furnish charcoal, 
cfr a substance capable of being converted into 
charcoal, is not enough. Carbon must be pre- 
sented in that state which admits of its perfect 
solution and combination with water. And even 
after this is produced, it clearly appears that some 
co-operating agent is necessary, either to rdeaSe 
it from the natural attachment of some other 
principle or substance, which is obnoxious to 
plants, or to stimulate the^ plant to receive it ; 
for it is found that the black residuum of veget* 
ables, spontaneously decomposed by putrefaction, 
will not of itself sustain such plants as are obj^ts 
of cultivation in agriculture; nor will simj^le 
calcareous earths; but tliese two substances 
blended in due proportions, constitute the most 
feirtile soils. Hence, as is well known, black 
soils, which are constituted whdfly of vegetable 
matter, are sterile, and that by tht simple com* 
bination of lime they are rendered fertile. Itien 
what is this principle of fertility P this is an im- 
portant question. 

The most complete solution of carbon, or that- 
state which admits of the most perfect union 
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with water, appears to be carbonic acid ; but as 
it has not been proved, that in this state it is, by 
any application, capable of producing anything 
like the quantity of carbonaceous matter required 
to sustain a plant in health and vigour, it may 
justly be concluded that carbonic acid, like coal, 
is, by its constitution, restricted in its operation. 
That process of decomposition, therefore, which 
can be conducted so as to produce the required 
state of solution and separation, without its ruU'* 
ning into the excess of carbonic acid or charcod, 
must be the most efficient ; and the chemical 
terms which best express this state, appear to 
me to be vegetable and animal oxydes ; and my 
opinion as to the best mode of producing and 
applying this, I shall hereafter explain* 

Sir Humphry Davy says, " There is no ques-* 
" tion on which more difference of opinion has 
" existed, than that of the state in which ma- 
" nure ought to be ploughed into the land ; 
" whether recent, or when it has gone through 
" the process of fermentation. And this ques^ 
« tion is still a subject of discussion ; but whoever 
" will refer to the simplest principles of che* 
** mistry, cannot entertain a doubt on the subject* 

** As soon as dung begins to decompose, it 
" throws off its volatile parts, which are the 
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^ most valuable and most efficient. Dung 
" which has fermented, so as to become a mere 
" soft cohesive mass, has generally lost from one- 
" third to one-half of its most useful constituent 
" elements. It evidently should be applied as 

soon as fermentation begins, that it may exert 
• its full action upon the plant, and lose none 

of its nutritive powers.'* 

Again, " All green succulent plants con- 
" tain saccharine or mucilaginous matter, with 
" woody fibre, and readily ferment. They can- 
♦* not, therefore, if intended for manure, be used 
" too soon after their death.'* 

A reference to the principles of chemistry, most 
certainly induces me to form conclusions very 
different to Sir Humphry : in his explanations 
of chemical principles, and their combinations, 
no doubt he is clear and correct ; but many of 
his applications of those principles, and his in- 
ferences, appear to me to be superficial, hypo- 
thetical, and fallacious : and this most probably 
arises from a want of practical knowledge and 
observation. His opinions seem to be grounded 
on the belief, that in the production and appli- 
cation of food for plants, qtmntity is the grand 
desideratum. He appears to have no notion 
that the health and condition of plants determine 
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their value ; or that ^vegetables are as much af- 
fected by both the quaUty and the qiumtity qf 
Jbod, as animals are, but such is the case; 

That the state and condition of food when ad- 
ministered to animals, determine its effects; is ge- 
nerally understood : and it is precisely the case 
with vegetables. Thus, whenever the nutritive 
part of food is blended with a large portion of 
filthy and impure matter, vegetables, like ani- 
mals, become gross, bloated, and diseased. 

Although, (as I have before observed when 
speaking of the leaves of plants,) a rapid growth 
and large surface may be produced, this is of little 
value as food for animals; it is aqueous, vapid, 
obnoxious, and of little solid value ; and plants 
in such a state, are, in another point of view, like 
animals, — they are sterile, and seldom produce 
their seed or fruit in perfection. And, therefore, 
notwithstanding a great part of that which con- 
stitutes vegetable and animal matter, may be 
thrown ofFin the process of fermentation, it is im- 
portant to consider, what those parts are, before 
we attempt to appreciate their value. May it 
not be necessary to the health of vegetables, 
that a certain part should be expelled ? And, 
although a portion of the more valuable part 
may be wasted in the process of fermentation : 
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may not tiie process render the remainder of 
more avail and value, and thus create a profit 
instead of a loss ? 

It must be remembered, that the authority of 
chemistry rests upon this axiom, — that whatever 
constitutes a body, or operates as an agent in its 
construction, must be demonstrable on a chemi- 
cal examination, both by analysis and synthesis. 
Now it does not appear, by the different analysis 
before explained, that any vegetable substance 
contains nitrogene, except gum, which i& the 
produce of disease ; but, that all animal' sub- 
stances, in an undecomposed state, do contain 
nitrogene. Therefore, — with all due deference 
to Sir Humphry Davy,- — as in a demonstration 
by synthesis, or in the compo»tion of vegetable, 
from animal substances, nitrogene cannot be 
considered as necessary, ought it not to be disenr 
gaged and expelled from such substances as ajre 
prepared for the food of plants ? And if so, — as 
nitrogene cannot be sepajrated, by any other 
means than fermentation, — is it not necessairy 
that such decomposition should be effected pre- 
vious to its application? — or that the substances 
be so placed, that the obnoxious gases be passed 
freely off^ and that the action of decomposition 
may not oSect the roots ? It does not aj^>ear 
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that plants throw off anything as excrementitiotts 
but oxygene ; and consequently, if nitrogene is 
taken in, it must be appropriated. This remark 
also applies to the consumption of hydrogene. 
If a plant be induced to consume an extra quan- 
tity of hydrogene, or carburetted hydrogene, it 
must form a surface sufficiently large to employ 
or appropriate it, or it must be passed off as 
diseased excresence ; it cannot be expelled in a 
healthy manner, like oxygene. 

Sir Humphry says, ** In the writings of scien- 
^ tific agriculturists, a great mass of facts may 
*< be found in favour of the application of &itm* 
" yard dung in a recent state. Mr. Young, in, 
<^ an Essay on Manures, which I have already 
'* quoted, adduces a number of excellent autho* 
" rities in support of the plan. Many who 
*^ doubted have been lately convinced: and, 
** perhaps, there is no subject of investigation^ 
" in which there is such a union of theoretical 
** and practical evidence. I have myself, within 
*^ the last ten years, witnessed a number of dia- 
" tinct proofs on the subject. I shall content 
« myself with quoting that which ought to have, 
« and which I am sure will have, the greatest 
*^ weight among agriculturists* Within the. last 
<* seveii years, , Mr. Coke has ewkirely given up 
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" the system formerly adopted on his farm, of 
" applying fermented dung : and he informs me, 
"that his crops have been since as good as they 
*^ ever were, and that his manure goes nearly 
" twice as far/' 

This doctrine, in a general sense, and com- 
pared with the old practice, agrees perfectly 
with my observation and experience ; but Sir 
Humphry does not state, whether the dung is 
immediately ploughed in, by Mr. Coke, or suf- 
fered to lie on the surface ; and the difference 
between those two modes of application, will be 
found to be very important, by every person who 
will try them. 

I shall hereafter state my reasons why it is 
improper, as a general practice, to manure lands 
that are intended for immediate seed crops ; but 
there may be cases where the state of the soil, 
rom extreme poverty and other circumstances, 
require it ; and in those cases, I am convinced 
that the best time and manner of supplying dung 
for such crops is, by spreading it over the sur- 
face afler the seeds are sown : at first sight,> 
and according to Sir Humphry's notions, this 
may appear to be a wasteful practice ; but it is 
far otherwise : for, as Sir Humphry says, " Or- 
** ganic substances, as soon as they are deprived 
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" of vitality, begin to pass through a series of 
" changes, which ends in their complete destruc- 
" tion, in the entire separation and dissipation 
" of the parts. Animal matters are. the soonest 
" destroyed by the operation of air, heat^ and 
LIGHT. Vegetable substances yield more slow- 
ly, butjinally obey the same laws. The periods 
of the application of manures, from decom* 
posing animal and vegetable substances, de- 
" pend upon the knowledge of these principles." 
Now, notwithstanding the manner of applying 
dung which I recommend, that of spreading it 
over the surface, and there permitting it to re- 
main, before it be ploughed in, twelve months or 
more, is directly opposite to. that recommended 
by Sir Humphry, it will be found more com- 
pletely accordant with the above principles, as 
well as with those of Mr. Kirwan : for, by leav- 
ing dung openly spread on the surface^ it is 
evident, that the influence of the air, the heat of 
the sun, and lights will be the least controlled 
or obstructed j and, consequently, the decom- 
position will be more rapid, regular, and con- 
formable to the wants of the plants. Under such 
circumstances, more carbonic acid may be ge- 
nerated ; but as this elastic fluid is heavier than 
the atmospheric air, it will fall on and penetrate 
the open surface of the soil, and thus accord in 

K 



130 ON tHE FOOD OF PLANTS. 

efifecftXvith the e:xpefriments> cited by Mr. Kirwan, 
of IDr. Priestley and M. Ruckett And as to 
'any toss arising by the evolution of any other 
gases, they ate ^ess likely to occur 5from dung 
in thte situation than ^en buried ; for carbu- 
rfetted hydfdgene gas is formed in the greatest 
quantity during the putrefkctive fermentation, 
and Vh6n iJie siAstances ar6 immcfrsed in, or 
gMitted 'with, ^atfer, and ex^clnded from the air 
attd iigfel; ; and in this state they most generally 
Me >?^hen bwied : and this gas, possessing an 
oppositie qUaHty to the carbonic acid gas, in be- 
lirg much li^tfer tSian the atmospheric air, *wiB, 
as it is formed, operate in a reverse manner to 
the caAromc acid ; it wfll immediately, on being 
liberated, penetrate the 'Surface rtf the soil, mourit 
rapidly into the atmosphere, and pass off with 
l!he Wind, and be ihtis lost. And further, it is 
Wdtl known that twiimal and vegetaHHte substances 
decompcfsed by the cold putrefactive fermenta- 
ticm niider the earth, or i£tt the bottoms df stag- 
nant *ponds, ar6 iiiert and tneflfcient ; at feast, 
until ^ey are made to undergo some' otfher^d»- 
micalditogfe, by calcination, oxydaitic^n, &c. j 
ibis is fevrnced by peats, ^dgs, &c. 

We may likewise instancfethe e^ct of the ac- 
cumulated animdl substances decomrposed under 
thfeeartih 'in ^burial grdunds, ^hich nev^r exhibit 
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any comparatively extraordinary luxuriance of 
vegetation. And> as a practical demoinstration 
that dung, when laid on or near the surface, and 
repeatedly turned ovpr und exposed to the ac- 
tion of the atmofiipheire, ;i^ npt y^y rapidly .or 
vjpry efiectually exhausted, I «thall fitate a coqrse 
of , operations w^hich w^v^ carried o^ in a ^d of 
aiMmt six acres, withintiny imm€idi9>te obs^i^atiopt 
The ^oil of this field was a fine friable loa^pij 
and »of a biac^ CQlaur» but th^ sur^rouodi^g 
lapd,. although of the same t^xtur^ wm of * 
foxy browisi ; this di0kf!mc^ in th^ cplpurj, qo 
doubjt, iRas Qccomoned by the di$Eerenpe in c^l* 
tivaticm and mauiuwg. The surrounding Imds 
4^ iheen treated in lUicarelp^s, slovenly m^n^^ 
jsts a oonuxum farm; mhil^t ,th^ ^id in qi^eatipipi 
^was culliYate4 JW a«ftrket-gwd^3!5 jcrjopped ;wjith 
^sdOeat ve^taUes, ^n4*iniimired at. least mee 
in the y^ar* for many yewi. 4rt the^^eriod it 
jcame undj^ i»y iuotice the marketTgardene^ ^ad 
tdied^ and it fell iuto the hands of anqtl^er jer- 
Bon, mhs> ihaving but ^^v^ years to run of a 
lease, determined, m. he ^aid, to wprk it put j 
iie therefore spwied it with white wh^t for five 
years dSoJlowing, . witibtoui giving any manure. 
The firat yeaav it pcoduced fbrty-feight bushels 
fber acre, land esvery ye^ after, the crops deq^n- 
Bd^ihsee ior four l)ue^els jter acre. The sixth 
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year, it was planted with potatoes without ma- 
nure, and the crop averaged fourteen tons per 
acre. The seventh year, it was sown again with 
wheat, without manure, and it produced up- 
wards of thirty-two bushels per acre. 

And to show the beneficial effects of top- 
dressing, I shall also state that about this time, I 
took possession of a field of pasture land of about 
twenty acres, a strong yellow or foxy clay ; it 
lay on the side of a hill, and was very wet and, 
poachy, particularly during winter ; had been ge- 
nerally cut for hay, although it seldom produced 
more than three-fourths of a load per acre, and 
this not until the end of July. I drained it by 
cutting a ditch at the upper side, deep enough 
to get below the stratum of clay, which in some 
places was upwards of five feet, turning the 
water down the sides^ and gave it a top dress- 
ing of scavenger's manure, the cleaning of the 
town streets j and the year after, it produced me 
a load and a half per acre, in the middle of 
June ; . and a second crop, of three-fourths of a 
load, the beginning of September j and this it 
continued to do, varying a little, more or less, 
according only as the sestsons were wet or dry. 

And to shew the effect of dung buried deep ; 
the following instance may be sufficiently strong. 
I had noticed a field at Wickham in Kent, 
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which was laid down for a cherry orchard, and 
planted with fine young healthy standard trees, 
that for two years made a beautiful and luxu- 
riant growth, and the third year, in the spring, 
they threw out their shoots with equal luxu- 
riance; but before summer, I observed to my 
astonishment, they were all withered and dead. 
Not being able to assign a cause for such an 
unusual failure, I called on the proprietor, to 
enquire how it happened j he seemed perfectly 
resigned, to what he called his ill luck, in having 
them struck with a blight; however, perceiving 
no reason why his trees should be blighted,, 
whilst his neighbours all around, should escape 
uninjured, I enquired farther as to the nature 
of the subsoil, &c., when he told me he had been 
at great expense and trouble to prepare the soil, 
by giving it a thick covermg of rich stable dung, 
and trenching it in, a spit and a half deep with 
the spade. I observed the trees had thrown 
out a profuse discharge of gum, and have no 
doubt, that during the two first years, the roots 
had not penetrated the dung, but on reaching 
it the third year, they were poisoned ; or §o 
glutted with such impure food, as. to be thus 
diseased and destroyed. 

Whatever devastation may be committed by 
the insect or fungus tribe, to trees or plants, 
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I am cgrrvinced that by Ikr the greatest 
extent of injury, from what is pl!aced! to thie 
account of canker, mildew, &c. if corri&etly in* 
vesl!tgate^ will prove to originate in the uirwhdle- 
sdme supply, or impurity, of the foot!. 

As to the otjection, that by leaving dimg on 
the surface, a too rapid decompositifoni of tlie 
manuT^e, will be followed by a too rapid coh- 
sumptioh of food j it may b6 said, ^ a( mdii can- 
not eat his cake and have it too.*' Let the crop 
be suited to the manure, or the mailure to* the 
crop, and as long as he gets its full vftlue, lie 
will have Kttle reason to complain of its e6mi% 
hito his pocket too quick; the sooner begets 
a profitable returft for one dressing of duiig, <he 
sooner he can afford another; and if a proper 
course of crops be taketr, he may go oh a loilig 
time, without feeling cause to complain thj^ his 
lands ar6 too prolific, or tod rich* 
^ To be consisteilt, we must dther stick to 
chemical principles, or give them up. iTre 
difference in the effect of the method I Re- 
commend, of applying manure oh the tof^de, 
and there to suffer it to retnsLih thfe Idhgest pe- 
riod conveniertfj arid that, by Sir H. Ifevy, 
of burying it immediately j may be determined 
by the comparative formation and effect of the 
two gases, carbonic add, and cafburettefd hy- 
drogen. If the former be, as stated, a principal 
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ingredient in the food of plants^ and th^Jt by ijts 
gravity it ^ill penetrate into the soil, na method 
more favorable for its generatJK^nr and eiq^ual di^ 

tribution can be devised, than by my mode of 
i^plicatian j and if car huretted hydrogen be 
either an unwholesome fgodi w by itisi rapid 
escape^ the occasion of a gre^t vrast^ pf earboyn i, 
and nitrogene gas be poisonous, or obnQ:i^ip,ws 
when in contact with the food} qp mode can 
he more favorable t% or productive of, both 
those effeotSi than burying the dung in an un- 
fermented state% 

Xf we w^e to suppose* that a diflf^en^ in the 
quality oi*the food supplied to plants, produced qp 
difference in its eflfecte j or that the roots poii^essed 
the power pf selecting tl^e exact quantity and pro- 
portion of each principle^ required for. its. parti- 
cular purposes from any composition that may be 
presented to it ; we should be driven far off from 
accounting for the disease of plantSfOr fov the dif- 
ference in the size, substance, state, and condi- 
tion of plants of the same species, when growuig 
in the same situations : and, although we are 
justified in believing, that a plant having taken 
in its food in a compound state, possesses the 
pewer of dividing and appropriating the different 
parts to its different purposes, it must be ob- 
viousy that any unnatural obstruction to the due 
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exertion of those powers ; or any improper sub- 
stance being taken into the system with the 
food ; must be followed by disorder, disease, and 
destruction. 

One great power which plants are allowed 
to possess, and which seems absolutely neces- 
sary ; is the decomposition of water, and the 
emission of oxygene ; for, from the proportion 
of oxygene in water, being so much greater than 
in any of the vegetable products, the plant, must 
take up more than it can need ; and the great 
power and activity of oxygen is such, that un- 
less plants had the means of expelling the super- 
fluous quantity, they could not exist, nor could 
the different products be formed. But plants do 
not appear to possess the power of expelling hy- 
drogene ; therefore, whatever quantity of this 
substance be taken into the system, it must re- 
main and be appropriated. With these ideas, the 
following analysis will be found generally to ac- 
cord: — 

* Water contains, - 85 parts oxygene, 

15 - hydrogene. 

Oil contains, - 79 parts carbon, 

21 - hydrogene. 

Sugar contains, » 28 parts cajrbon, 

8 - hydrogene, 
64 - oxygene. 
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Gum contains, - .23 parts carbon, 

11 - hydrogene, 

65 - oxygene, 

1 - nitrogene. 

Starch contains, - 43 parts carbon, 

7 - hydrogene, 
50 - oxygene: 
Most people are aware, that the quahty of the 
food . consumed by animals, is equally as deter- 
mined in its effects, as the quantity, and such is 
the case with vegetables. When an animal is 
constrained to live on meagre, impure food, or . 
that, wherein a small quantity of nutriment is dif- 
fused or blended with a large insipid mass, it is 
induced to consume a greater quantity, to make 
up for the want of a more concentrated quality ; 
and the consequence is, an extension of the 
stomach and bowels. But although the animal in 
this condition, appears large in bulk, it possesses 
little solid value, and less strength to bear up 
under the additional weight; and such is the 
case with vegetables ; their stalks, branches,- and 
leaves, are the organs for the reception and di- 
gestion of the food J and whenever they are 
glutted with meagre food, a large extension of 
the leaf and branches follows, but in this state 
these possess little substance or value. 
' That some plants are more voracious than 
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other$y, aad that they sometimes, Uke some 
aiiimalsy &ed on gross impurities; is distinctly 
proved by the flavor of esculents, and parti- 
cularly the cabbage tribe : thus we find that 
sea-kale^ growing in rank manured beds,^ is so 
gross and bitter in flavour, as scarcely to be 
eatable} whilst that which is grown in a pure 
natural soil, is sweet and delicious. 
, Certainly* we cannot pretend to the powers of 
determining and measuring out the exact pro- 
portions of the required elements j but we may, 
by a little attention^ be able to counteract and 
avoid extremes. * 

It appears throughout nature, that the efibrts 
of a plant, from its first establishment, is directed 
to acquire the proper state and condition to 
propagate its species ; and that in its seeds and 
fruit is comprised its concentrated essence. We 
may therefore estimate its powers and eSorts to be 
in proportion to its wants ; and hence we may sup- 
pose, that as starch, and sugar, contain a large 
portion of oxygene, and a small portion of hy- 
dxogenei that those plants whose desired pro- 
ducts consist of such substances, should be sup- 
plied with food containing a la^rge portion of 
carbon and oxygene ; and as oil contains a l^ge 
proportion of hydrogene, and no oxygene j that 
to those vegetables, whose seeds produce oil, a 
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supply of food should be giTem^ containiiii^ a 
large portion of hydrogene and carbost.^ - 

Ob thesti gtojjmSsr admitting carbonic bcid 
aikl carbiorekted hydn^ene to fonn tiie food ef 
plants^ we come to the following cbnclueioiia. 
Those sub&tancesr^ and thiat mode of prq)watiot]^ 
which produce carbonic acid, ani^ carbonaceous 
oxydes, constitute the best food^ and the best 
8tatey foi' all j^Iants producing grain and pula^ ; 
and surpass sdso^ the best adapted for dovei:», 
grasises, &c^y fm feed and for hay } aa tho quantity 
of' siicciharine matter th^ eentiufn^ determines 
fifeir Valne^ and not thebulk^ -which alone would 
be increased by carburetted hydrogene* For 
those plants whose seeds produce oiK ^odx as 
heiup^ fiaSt nipe, and all the cabbage tribe» dar- 
bwetted bydrogene may be weU adapted. We 
fttid thoi^ idefilsf corroborated by natural and 
pu^actical reditu thus^ iteed^crops 4xf grain and 
pulse are always rxiost healthy and prolific^ on 
lmd» that have been treated in that manner, 
and left in that states in which the roots am Ike 
most completely freed irom those stibstaitees 
which pirodttce catburetted hydrogelie gas) and 
bentp, rape, tufnips, cabbages, &c.^ from their 
peculiar form df growth, are enabled to suMain 
A large and extended surface, and can therefore 
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appropriate a large portion of carburetted hy- 
drogene without injury. 

A due attention to these particulars will ex- 
plain the want of accordance in the opinions of 
Sir Humphry Davy, with many of the operations 
that are most successfully practised by many 
eminent farmers. Indeed, if the food of plants 
was wasted, by exposure to the atmosphere; 
ploughmg and stirrmg up the soU must occasion 
waste and sterility ; and the same must be the 
case with turning over, and exposing masses of 
dung; but, observing practitioners well know 
that those processes are followed by additional 
prolificacy. 

Tliat class, among the cultivators of plants, 
who, of all others, pay the most attention to their , 
health, and proper condition for fructification, 
is, perhaps, the florists ; and the most eminent 
amongst those, make it their practice to mix and 
turn over their compost at short intervals, so 
that every part may be exposed to the influence 
of the sun, air, and light, for at least twelve 
months before they use it. 

The fact is, I believe, that whether carbon 
and oxygene combined, as carbonic acid, be the 
best state of preparation for the consumption 
of plants, or not ; carbon and oxygene form the 
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grand essentials for making them prolific ; and 
when vegetable aud animal substances are laid 
on the surface of the soil they are intended to 
enrich, they are in a situation best calculated 
for decomposition, by oxydizement ; for then, 
as they are reduced to a soluble state, they aire 
dissolved by water, and carried to the roots; 
and when there is not moisture enough to carry 
down the soluble part, it lies dry on the surface ; 
and whilst dry, — as Sir H. Davy observes, — 
no fermentation can take place ; and thus 
circumstanced, under the alternate state of wet 
and dry, the decomposition is gradual, complete, 
and rapid. This may be observed by a stake of 
wood, that has been some time fixed into the 
earth ; for that part which is under the earth, and 
that which is in the air, will remain sound, long 
after that part which is between both, or on a 
level with the surface of the earth, is completely 
decomposed. 

Besides, there is a natural operation constantly 
working, to assist in the decomposition of vege- 
table substances which are laid on the surface, 
and to facilitate theii* conveyance to the roots of 
plants ; which, although little thought of, is of 
great importance, and this is conducted by the 
.earth worms. Whoever will notice the surface of 
the earth, will find those creatures not only con- 
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stantfy boring hdes, and dramng the light sub* 
stances around them, but that by their slione 
ikef very much q^uicken the decomposition; this 
is wenjdAy p(roved by ileaviaig a piece of twine 
on the surface of the earth a short time; and 
^hin a few idays after it has be^i laid hold of^ 
by liie worms, it iirill be jfound quite rotten ; 
t|>eir holes aflso af&ord ready channeb of conve^^ 
ance fbr the decomposed matter. 

And further, these £ttle oreatures perform 
another important operation ; they devour and 
oast upon the suffaoe^ tiie ^more £nely :dividied 
earthy substamces and undecomposed matter^ 
and thus that {>art of die «oil best adapted ito 
sustain vegetati^H is collected and 'accumulated 
-on the surface, and -wity^n 1h«e jbealthfijl ra^ige 
^4he irocrts of plants. The 4U)il is <al3o by sudh 
•means, ipendered more conducive to aa equai 
percdkntion and evaporation 4jf ^waterj and it 
may be observed, that placing dung 4)n '4;be sm^ 
&ce, favours both 4;he existra<oe andithoiworking 
of these "useful oidti^^to^s^ the csurfeqe of 4be 
earth, thus conftinually opened, ako^aSbrds a &ee 
mgress to 4:he i^rbomc acid gas, ^and ^egress to 
the cai1buf>64$ted hydrog^ie. 

Again, ^ir Humphry says, ^^ AJl ^gpeen si^- 
** eulent plants cofitain sacd^rine, ^or mueilagi- 
<< nous 4»afcter, "With 'wo^idy ^"fibre, and readSy 
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" farmeiit ; they ra^nnot, th&pef&ve, if intemded 
**for manure, be used too soon after tbeir 
** death/' 

** Wihen green crops ^re to be employed for 
eoncbing a soil, they should be ploughed in^ 
** ^ possible, wlien in flower, or at tiie time the 
flower is beginnii^ ito uptpear ^ for it is at dice 
period that tiiey coiitadn iJie largest <quaatf Ugr 
of ^easily soluble matteir, and that ttheir leaves 
^are most active in farming nutpitive matter i; 
'*^ green orops, pond weeds, the paring df hedges 
<* or dttefaes, or any kind of fresh ipiegetafale 
matter, requires no pj^aratijon to ifit itbem for 
manure ; the decomposition slowly fn*ooe@dB 
'^^ beneath the soU ; the soluble masters .^re gi»- 
^^ doaMy ddsscdved, 'imd fbbe slight fermeixbaiasm 
^ tiaat goes oo, checked hy the waM icffa Jhse 
** cfmmuniciitUm of ^, tends to Tender :die woody 
^< 'fibre soluble, witliout toccasioning i:he rapid 
<^ AlssifMation of lelastic ^matter.^' 

This dodnrine :i8 Nfividently founded :on the 
n^tvDii, tiaiat^dants t^onsume^egetablefsubstances 
4n thi^ 'camp^ind state^j but having admitted 
that cavbcsi, toxygene, ^asid hydrogene, with a 
^oittion^df €«fith, isxb bU the lelelnents (that are 
inac^essary to composes vegetable^; and alaoyihat 
water contains ^^all Ihose elem£!nts in itself, ex- 
Mpt<carbon, iand that carbon, produced hy the 
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fermentation of vegetables, is readily dissolved 
and taken up by water ; and that plants possess 
the power of decomposing water, and of divid* 
ing and appropriating its principles, in com- 
bination with carbon, to all its various uses ; why 
fu^e those principles abandoned, and a process 
recommended, grounded upon supposition only, 
in preference ? Such a deviation from the wise 
rule of Sir Isaac Newton is surely worse than tri- 
fling ; it is injurious to the character of science. 
Vegetables exposed to the sun and air, and 
dried, are found to possess more or less of sugar, 
according to their nature ; and sugar is a vege- 
table oxyde, almost immediately soluble and 
convertible into food ; and it is most readily 
convertible and productive of carbonic* acid ; 
let any person take a bundle of hay, and a bun- 
dle of green grass, and submit each to infusion, 
and compare the extract, both in appearance 
and effect ; the difference will be considerable. ' 
' What says Sir Humphry of malt dust ? That 
it " consists chiefly of the infant radical, se- 
" parated from the grain.** And he says, " I 
<• have never made any experiment upon this 
" manure, but there is great reascxa to suppose 
" it must contain saccharine matter ^ and this mil 
«* account for its powerful effects." Now if 
these infant radicals had been separated and 
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buried in their green state, what powerful effects - 
could they have been expected to have produced 
in fertilising the soil, more than the severed ra- 
dicals of other plants, of which the earth is 
always full ? Surely none. , Then what created 
the difference? Most evidently the exposure 
to heat and air on the kiln, which, by oxydise^ 
ment, created the sugar. 

Vegetable substances and dung, in drying, un-, 
doubtedly are reduced in weight, by the eva- 
poration of its water ; but . this is a loss of no, 
importance, for water is again readily supplied^ 
and by the operation they absorb oxygene, and 
are thus brought to a state much more efficient; 
that of soluble oxydes. From all the observ-, 
ations I have made, and which I have endea^. 
voured to explain, I am convinced, that every 
addition of food to plants, and every operation 
of agriculture, wherein the cultivation of vege- 
tables is concerned ; will be found more or less 
efficacious as it favours the free access, or in* 
gress and egress, and the general influence, of 
the oxygene of the atmosphere and water, to the 
whole structure of the plant, and the ingredients 
of its food during preparation. 

And as to the mechanical effect of dung, in 
pulverising the soil ; that which is placed on the 
surface, must ultimately be equal to thai which 
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is immediately buried ; for, as has been stated, 
that by burning, the solid part of the earth can- 
not be reduced ; no more can the solid part of 
dung be reduced by evaporation ; and the effects 
of dung thus placed, in increasing the disposi- 
tion of a soil to absorb moisture from the at-' 
mosphe.^. cannot be less, than when immedi- 
ately buried : and what is more essential, it will 
be lem retentive of water. 

Sir Humphry Davy has fiilly and minutely 
desoribed the nature and properties of all ihe 
different substances used as manures, and such 
who wish for particular information on these 
di^'ided subjects, I must refer to his work. My 
object being to establish general principles, it 
would be superfluous to attempt following him 
further. On the preservation of manure he 
»ays, "When dung is to be preserved for any 
^* titne, the situation in which it is kept is of 
•* importance ; it should, if possible, be defended 
«* from the sun ; to preserve it under sheds 
*« would be of great ^ise, or to make the site of 
^ a dunghill on the north side of a wall. The 
•* floor on which the dung is heaped should, .if 
" possible, be paved with flat stones, and there 
•* should be a little incUnation from each side 
** towards the centre, in which there should be 
*^ drains connected with a small well, furnished 
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^/with a pump, by whi^h any fluid matter may 
^ be collected for the use of the land. It too. 
^^ often happens that a dense mucilaginous and; 
^ Extractive fluid is suffered tp drain away from 
^ the duiiighil], so as to be entirely lost to tha 
*^ farm.'' 

My previous objections to the application o^ 
Sir Humphry's ideas, must be equally strong 
against the mode here recommended. 
' Those who are in the habit of making hot*-. 
h^ for vegetables, know that fresh dung from 
the stable, packed together without a sufficient 
degree of moisture, to mqdi^ its fermentation ; 
will very speedily acquire ^ high degree of 
heat, and throw off a quantity of elastic vapour ; 
either carburetted hydrogene» or ammonia, and 
that as the moisture declines, the heat will also : 
and the dung will then be pverjrun with moul- 
dinesS) or fiingii, and thus during such ferment^' 
ation, the exclusion of moisture or rain, by 
a shed being placed over it, must facilitate and 
increase the loss by such evaporation, and by the 
evolution of the gases ; a^ the earth covering 
dung in this state, will not afterwards support 
vegetation. As the chief supply of manure is 
4erived from the stable and farm yard^ the ar^ 
rangement and management of these is a matter 
of no trivial importance. 
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In the general mode, I have always thought 
sufficient care and attention are not given ta^ 
the preservation and application of the urine of 
the animals ; and that this is more valuable inr 
the composition of the food of plants, than is 
generally calculated: urine not only in itself 
contains greater fertilising powers than the 
excrement, or dung ; but added to this, it consi-. 
derably accelerates and moderates the ferment- 
ation, and particularly when diluted with water 
in a due degree. The effects of the urine, also, 
when thus divided and diluted, by mixing with 
the dung, are much increased and beneficially, 
extended: and a much better mode, in my opi- 
nion, for conducting this process, than that 
recommended by Sir Humphry, is described by 
Sir John Sinclair, as adopted in the Netherlands. 

He says, " The more opulent pave and line 
" with brick the receptacles for their dung, 
" which is thus constantly kept plunged in a 
" mass of liquid matter; the fibrous parts of 
" the vegetables are thus completely decom- 
" posed, and four tons of this manure go as far 
" as five kept with less precaution.'* 

But this liquid should consist of urine not too 
much diluted, or -with no more water added, 
than is sufficient to keep the fermenting heat 
below the power of generating steam. > 
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/ Drains should; be carefully made from the 
stables and cattle-sheds, to cisterns or wells 
protected from the rains ; and from these, the 
urine .should be taken and thrown over the 
dung-heap, which should be open to the air ; 
there is little danger of too much water added 
by the rains, if not under the dripping of a shed. 

I am convinced that stable and yard dung, 
saturated with urine, and preserved in this man- 
ner, would go twice as far as such dung pre- 
pared in the usual manner, that is,: by being 
thrown into the open yard, and where the. urine 
of the stables and sheds is not only suffered to 
run away, but the yard laid in such a manner 
that the dung is washed by the rains, and the 
drainings wasted. 

It is a little singular that landlords, well aware 
that on the supply of manure depends the value 
of the farm ; are in many instances so jealous^ 
of having all the produce of the farm spent on 
its land, that they will not permit their te- 
nants to sell a load of straw ; and yet they not 
only will not be at the expense of properly 
constructed receptacles for preserving the ma- 
nure, themselves ; but will not regard the care- 
less ignorance and neglect of the tenant, of 
these objects. 

The superior effect of putting the manure on 

L 8 
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the land as it is produced, as stated by Sir H# 
Davy to be the case with Mr. Coke» may be 
accounted for, tis arising from the urine absorbed 
by the litter, which, if left in the usual way, 
spread in wti open yard, Woidd have been wasted 
and lost.* 

* Whilst recommending tile careful and e£fectual drain* 
ing of stables, for the preservation of the urine, as the most 
valuable part of animal manure, I will also state a circum- 
stance, which cannot be thought unworthy of notice to 
agriculturists^ which occurred to me^i to show how neced* 
sasy this is also to the health of animals. 

I took possession of some . stables, with the horses that 
had been some time kept in them, and, to my misfortune, 
in a very short time I foohd that the horses kept in th<Me 
fltahles had been subject to that dreadful disease^ called 
the mad staggers, for several years* Some horses had 
died, and the horses then there, and which had been for 
some time kept in the stables, were in wretched condition* 
Two fin3 fresh horses which Were put into them, w^e 
Iprithin a few months seized With the mad staggers, £Ui4 
one of them literally kilfed himself by knocking his head 
about against the manger and stall ; the other was 
saved by copious bleeding, and removal into a fresh stable, 
bQt was so reduced as to be lessened in value one« 
half. My neighbours advised the pulling down the. stables, 
considering the disease infectious ; but having, on going into 
the stables esirly in the morning, been almost suffocated 
and blinded by obnoxious gas; I examined the floor and 
'dr,ains, when I found the former to consist of large jburf 
stones, laid on a stiff clay ; and the floor sunk so low below 
the drain, as not to admit of the draining away of- the urfnei 
Thiistruck me to be a sufficient cause to affisct the brain of 
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To show the fertilking effecte of urin€, Sir 
John Sindair says^ *« Every sort of urine coiji^ 
'^ tains the essential elements of vegetables in ^ 
^ st^te of solution^ The urine of a horse, being 

so much lighter, would be more valuable tha^ 

its dung, if both must be conveyed fo any dis- 
^ tance« The urine of six cowsy or horses, will 
^ enrich a quantity of earthy sufficient to top- 
^< ^f ess one En^Ush acre of grass land ; and as 
" it would require four pounds worth of dung 
** to ^perform the ^ame operation^ the urine of a 
** C0W| or horse^ is worth about twelve shit 
<< Ungd per annum* allowing eight shillings 
^< per acre as the expense of preparing the 
** compol^t. The advantages of irrigating grasa 
^< lands with cow urine almost exceeds belief. 
" Mr. Harley, of Glasgow^ (who keeps a large 
** dairy in that town,) by using cow urine, cuts 
^< some sitiall fields of grass six times 'y and the 
<* average of each cutting is fifteen inches in 
•* length.*' 

In coi^cluding this part of my subject, I shall 
shortly recapitulate my observations* 

^ny ftnimal confined ni k, tb6 same tfs it had the hot^ts. I 
therefore had the floor taken Qp> relaid, and properly drained; 
and the walls and ceilings manger^ cribs, &C) washed with 
quick lirn^ ; and from that time for ten years, t never had a 
diseased horse. 

h 4 
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' It seems to be generally admitted, that animal 
and vegetable matter must be reduced to a per-^ 
fectiy soluble state, before it can be appropri- 
ated as food for plants ; and to effect this, it is 
considered necessary^ that a perfect decompo* 
sition should take place, of the substances pro- 
vided for this purpose, and many processes are 
noticed, by which a decomposition is effected ; 
but that which is most generally considered as 
the indispensable one, is the putrefactive fer- 
mentation. There are, however, five distinct 
stages of fermentation described by chemists; 
namely, the saccharine^ or that which changes 
coagulated mucus, or starch, into sugar; the vi- 
nous, or that which forms alcohol, or spirit, from 
sugar, and at the same time generates carbonic 
acid ; the acetous^ or that which forms vinegar 
from sugar; the colouring, or that which con- 
verts the substance of the green indigo plant 
into blue ; and the putrefactive, which effects 
the last and complete disunion of all the com- 
ponent parts of a body ; leaving all at liberty to 
form other combinations. 

Now all the different authors appear to concur 
in the opinion, that the putrefactive ferment- 
ation is a necessary process for the reduction of 
animal and vegetable substances, to the requisite 
state of food for plants; the other different stages 
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being either overlooked, ; or considered unim- 
portant : but in this, I think, they egregiously 
err. 

. It is certain, that when animal and vegetable 
substances are left to spontaneous decay, the 
putrefactive fermentation must be the ultimate 
result; but it is demonstrative, that the resi- 
duum, or the matter left by completely putrefied 
animal and vegetable substances ; will not sup- 
port the vegetables cultivated , by man, in a 
healthful progress to prolificacy, any more than 
either of the simple earths: and that when 
reduced to this state, its action is merely me- 
chanical, or operative only, as it serves to temper, 
or constitute, the compost or soil. And further, 
that when in too great a proportion, in this state, 
it is injurious, as it retains water until it becomes 
in a state of stagnation ; whilst, on the contrary, 
every process that checks the putrefactive fer- 
mentation, and every operation that retards and 
dispels its efiects, in and on the soil ; and the 
addition of many substances that are decidedly 
anti-putrescent, such as charcoal, alkaline salts, 
lime, &c. and which facilitate the dispersion of 
water : add to the fertility of the soil, and in- 
crease its prolificacy. 

Thus we find that the spreading of dung 
thinly over, and near, the surface of the earth ; 
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the repeatedly stirring and turning it up, and 
exposing it to the action of tiie sun, light, and 
air ; paring and burning ; the addition of lime^ 
and the calcareous and saline substances i and, 
above all, the production, presence, and reten-* 
tion of carbonic acid ; all Corroborate my prin-' 
ciples. 

And if all physiologists do not agree, that car^ 
bonic acid forms the productive food of planter j 
all accord in the doctrine, that those substances 
which either contain, or are capable of pro* 
ducing carbonic acid : are conducive to the fer-* 
tility of the soil, and congenial to the health ^nd 
iructifi(iation of plants. I therefore cannot but 
think the following are the true inferences; that 
in the decomposition of vegetables and animals, 
or the preparation of the food of plants ; (so far 
from hastening,) every means should be adopted 
that anticipate, or precede, the putrefactive fer- 
mentatioii, in the reduction of those substances 
to a soluble state ; -^ that vegetable substances 
should be managed and disposed, so as to effect 
and encowage the saccharine fermentation to the 
utmost ; before they are exposed to the putrefac- 
tive, which is done by effectually drying them in 
the sun and air ; — and that animal substances 
should, as much as possible, be placed under thdse 
circumstances which favour the formation and 
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difiusion of nitrous salts, and that prevent the 
formation of carburetted hydrogen ; and this is 
done by mixing them with vegetable substances 
and ealcareou^ earths, lime^ &c. and expomtg 
them, as much as possible, to the action of the 
air and light. And, above, all, that every means 
be adopted to remove every tendency in the soil, 
ot the manure, to retain water in a state of stag^ 
nation ; >for those plants which are the grand 
objects of cultivation in husbandry, will never 
grow healthy and prolific in stagnant water j 
whatever food they may be Supplied with j nor 
will the residuum of animal or vegetable matter, 
decomposed by putrefaction in stagnant water, 
either invigorate or sustain such vegetables* 
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ON THE RUST OR BLACK BUGHT IN WHEAT. 

. According to our understanding of the. prin- 
ciples, which regulate and determine the prepara- 
tion and application of the food of plants ; must 
he our notions of the diseases of plants, and our 
ideas of the best mode or course of cultivating 
them. 

. A wide difference undoubtedly exists in the for- 
mation, functions, and peculiar nature of animals 
and vegetables; but yet they may, in many res- 
pects, be assimilated; and thus, by comparison, 
the proper treatment of plants be simplified, and 
rendered more easy of explanation and comprehen- 
sion. I shall take leave to state, that the observa- 
tion and experience of many years have convinced 
me, that the opinions of the great reformer of the 
medical profession, Mr. Abernethy — that the most 
afflicting diseases to which the human species 
are subjected, are generated in the stomach, and 
consequently are to be remedied by the stomach 
— are perfectly just and well founded : and I am 
also convinced, that most of the diseases of ani- 
mals and of plants, may be accounted for and 
remedied, on the same principles. From what 
has been said, it is clear, that vegetables cannot 
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be supported. without a due supply of food ; and 
that with those, as with animals, the quality and 
quantity of food must possess an equal influence; 

Every man is aware, that the quality of the 
food he consumes, is equally as determined in its 
effects, as the quantity j and such, no doubt, is 
the case with plants, as before observed. When 
an animal is constrained to live on meagre, im- 
purefood, it is induced to consume a greater quan- 
tity, to make up as much as possible for the 
deficiency of quality ; and the consequence is, a 
distension of the stomach and bowels. And this 
is often followed by a poverty and corruption of 
the fluids, which produces disease and debility ; 
and. the body is wasted by eruptions, and becomes 
a .prey to vermin. And when an animal (more par- 
ticularly during parturition) is glutted with gross 
and rich food, a surfeit is the consequence ; and it 
is siibjiected to a stagnation of the fluids, inflam- 
mations, and eruptions; which often end in mor- 
tification and death : and plants, under the same 
circumstances, are subject to the same conse- 
quences. 

These observations will be found correctly to 
apply to, and to aflbrd a clear exemplification of, 
the rust, or black blight, in wheat. 

On this subject. Sir John Sinclair says, " It 
** appears,^ from an able paper written by a dis- 
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<< tinguished naturalist (Sir Jos. Banks), that thii 
** disease is occasioned by the growth of hiidute 
<' parasitical fungus, or mushrooms, on the leaves, 
'< stems, and glumes, or chafl^ of the living 
^* plants ; and that the roots of the fungus, inter* 
*^ cepting the sap intended by nature for the 
^* nutriment of the grain, render the grain lean 
<* and shrivelled, and, in some cases, rob it com-* 
<! j^etely of its flour. Nor is that al^ ; the straw 
** becomes black and rotten, unfit for fodder, or 
^< little better than a caput mortutim, possessing 
*^ neither strength or substance/' 

Again, -^^ *' Several of the accidents, above 
^< enumerated, may contribute to the production 
*< of rust ; but there are two additional drcunu 
^^ stances which likewise tend to promote it 
<< First, «~ Having the land in too rich a state for 
** corn crops j and. Secondly, — When too fre*- 
'< quent a repetition of crops of wheat takes 
**place.*^ 

<< It has been wdl observed, that when crops, 
** intended to ripen their seed, are objects of 
" culture, there is not only wanted a degree of 
«l vigour and luxuriance in the plants sufficient 
^* for the purpose ; but if the fertility of the soi} 
<< be raised to a higher pitch than is necessary or 
^ consistent with that object, injurious rather 
^< than beneficial consequences maybe tiie result. 
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**Xand may be too rich for corn crops; and it ir 
** better to keep it in a well-balanced conditicui, 
^^.or in a medium state of productiveness, thaii 
^< in too fertile a state. The greater quantity of 
** sap and juices in vegetables, growing on highljr 
^< cultivated lands, it is evident, must necessarily 
" render them more susceptible of the effects of 
'< sudden and extreme changes, and, consei- 
^ quently, more liable to disease. Besides, as 
^< mushrooms are produced on beds of dung, 
great quantities of manure must promote the 
growth of fungi, or parasitical plants, on the 
** crops of wheat, if they are once infected. The 
wheat pfoduced on the site of a dunghill is 
always rusted^ even in the most favourable 
'< seasons ; and if the whole field is a species of 
" dunghill, how can it escape ?*' 

A too frequent repetition of crops of wheat, 
more especially when accompanied by great 
" quantities of manure to force a crop, will ofleri 
" hav6 the same effect. The rust was but little 
" known in the western or the northern parts of 
" England, or the southern counties of Scotland, 
** until of late years, when every exertion has 
" been made to increase the quantity of that 
*' grain.** 

Sir John Sinclair also says, '< Among the reme- 
^ dies likdy to diminish the eflfects of this fatal 
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" malady, the following have been partiCulariy 
"recommended: 1. Cultivating hardy sorts of 
" wheat ; 2. Early sowing j 3. Raising early 
" varieties ; 4. Thick sowing j 5. Changes of 
" seed ; 6. Consolidating the soil after sowing ; 
" 7* Using saline manures ; 8. Improving the 
" course of crops ; 9. Extirpating all plants that 
" are receptacles of rust ; and, 10. Protecting 
the ears and roots of wheat, by rye, tares, and 
other crops." 

And again, he says, " It is likewise stated on the 
respectable authority of an eminent naturalist 
(T. A. Knight, Esq.), that by crossing different 
" varieties of wheat, a new sort may be produced, 
which will completely escape being rusted, 
though the crops in the neighbourhood, and in 
" almost every district iii the kingdom, may suffer 
" from it in the same year. These circumstances 
" tend to prove, that the rust does not depend 
" solely on atmospheric influence, otherwise it 
" could not be prevented by changes of seed, or 
•* by the crossing of different varieties.*' 

This theory of Mr. Knight's is like many 
others of his, grounded on a superficial view of 
things, and is a mere fallacious hypothesis. 

Indeed all these great naturalists appear to 
have bewildered themselves in specious theory ; 
and 'from not having traced the operations of 









BLACK BLIGHT IN WHEAT. l6l 

nature to its source, have throughout mistak^u 
the effect fw the cause» 

Suppose a farmer was to find a sheep, unhappily; 
redticedf and preyed upoa by maggots, or the 
larvA <rf* the flesh-fly, he may v^xy justly suppose 
that the maggots reduced the sheep j and as 
justly expectf that whatever sheep were subjected 
to the maggots, would he reduced in the same 
manner. Then what would be the best and pror 
per remedy? ICnowing the maggots to be pro- 
duced from ^gg$ dapositeiji by flies, would he try to 
cover his sheep frcmi the flies ; or attempt to drive 
them where ihefe ware no flies ? Where is the 
farmer or shepherd that doetf not know, that flesh-^ 
fliet will not deposit theif* eggs on a healthy part 
of a sheep ; or if they da^ that they will not pro^ 
duce maggots ? They know ftia well, that if a 
sheep be diseased by eruptions, or wounded ; the 
flies will find out these places^ and there deposit 
their eggs; and, therefore, the remedy is simple; 
cure and prevent the disease, or protect the 
wounds, and the evil is iivoided— *<< Remove 
'< the cause and the effect ceases,'' 

Very similar will be found the diseases in 
wheat, called the rust, or black blight, and its 
cause. 

The fungus undoubtedly pr^s upon that 
which IB intended to nouiish and sustain th|e 
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wheat; but what afforded an > attraction atid 
lodgement for the fungus ? This is the grand 
question* 

It is stated, that the fungus is a parasitics^ 
plant, like the misletoe, but this is not the fact ^ 
the fungus has no power to attach itself to, or 
penetrate, the healthy stalks of the wheat, any 
mor^ than the larva of the flesh-fly have, the 
healthy skin of the sheep. 
" Any one who will examine the stalks of wheat 
growing on a luxuriant, rank soil, at short inter- 



Vals, about the time of its first showing the swelling 
l(^ the ear; will perceive the vessels to become rup» 
tured, either from thfe luxuriant flow of the sap 
up the tender tops of the plants, being checked 
by cold winds, or in ^Unhealthy overfulness^ or 
some other casual obstruction ; arid the sap being 
thus suddenly checked, will rupture the vessels, 
and ooze out through little slits, or lobgitudinal 
fissures ; the discharged matter will soon assume 
the appearance bf a white jelly ; as it dries, it will 
become yellow; and then brown, and of a hard 
texture : and m proportion as the sap-vessels are 
injured and destroyed, and this exudation .takes 
place, the pllint riiust of course, more or Jess, faft 
in its supply of nourishment to the grain. In 
^sothe cases, the fttfongest stalks will not be able 
'to push the ei&r beyond the leaf, and the corn 
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consequently will be starved. Whilst the season 
continues dry and cdd, the exuded sap will re^ 
msiin like dry g-um ; but as it advances, and the 
weather becomes warm and moist, the gum be^ 
comes moists soft, and putrefying ; and then 
forms, and afibrds^ a nutritive bed for the mould 
or fungus ; which grows and increases until 
it is deprived of moisture, or is so reduced as 
to be insuflScient to sustain it, when it dies j and 
according as the season is favourable or un- 
favourable to its growth, it produces a brown, or 
black powdery substance, in a proportional quaur 
tity. Thus then; the foundation or cause <^ihe rust 
orjungm, is the putrefying matter discharged 
Jrom the ruptured sap^vesseis of the plant : and 
allliough the ruptures may be occa^oned by a 
contraction or obstruction of the vessels by 
atmospheric influence ; the overfulness, or over- 
luxuriance of the plant, produced by surfeit j or 
the being glutted with rank and unwholsome 
food ; and its incapacity of digestion, and un- 
healthy obstructions j renders it more liable to 
*uch injuries : and may therefore be considered 
as the geqeral oause of the disease, blight, or 

I have planted wheat in a rank compost of 
dung, which from its first appearance in* the 
Autumn, during its growth in the winter, and 
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mtheq|>ru^} maintamed exeessive luxwiiiiQe^ 
but Whidi was ujltimately so reduced by mSt, w 
to b6 rendered Weak and ibcapaUe <£ Imnging 
its seed to perfection : at the same tim^ anddoae 
aloti^de ; I ateo plwted wheat in A pure aad 
sweet sdad, and supplied it witb a solution or 
ifiliisioQ of rotten dw^, by Way of fiod ; this 
never appeared half so hixuriant as the other» 
but the stdks or straw grew perfectly healthy^ 
and free &om dtsdase^ and the grain was of good 
quality^ 

The {aHowkkg statanent by Sir John Sinclair^ 
m weU as what has been idready quoted, wiH in 
«veiy respect be found to corroborate and sus^ 
tain my observations and o]Hnions% 

He says, ** As land m too rich a st^tte is apt to 
*< produce rifst, it is feund to be an ^fectual 
<< remedy, if |»^ous to a crop of wheat th« 
<« dung is applied to a rnnotbern^ crqp, as tares^ 
<< hemp. &c. Indeed after cole seed, wheat is 
*< scarcely ev«r known to be rusted. The gene- 
^< ral culture of 4liat article, and Ihe use of Dutch 
<< fdbcs impregnatted mik saline matter, as a 
^* manure, tends greatily to the exemption from 
<< rust, by which, wheat in Flanders is distfa^ 
^ guished. 

<< Fotatoei^ when the crop is large, have the 
<< same effect.; in I3anders, where the.whetftis 
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^« never msilmaUy injured by rust, potatoei ahe 
H€on«idered inite best cultivated district (liie 
<< Fays de Waes) as the bost pi^aratioa fi>r that 
f ^ crop. If too much dui^ occasion the pro» 
M pagotion of fyxkff^ which there ia reason to 
^' believe is the case, smothering crops, by 
*< exhausting and diminishing the strength of 
¥ the dung, may take away that tondeacy.*^ 

Undoubtedly the tarep, coleseed, potatoes, be* 
growing <m the manuied soil, muak reduce^ if not 
wholly consume, its gross ajid overJuxurianft 
qualities, and time arid eiqposiire, effiaot a mere 
coniplete decomposition and eviphition of its 
vitiating eflbivia, and tiwi; the great cause being 
remov^ the effect must cease, 

Sir John fiirther naiynp «« Mr» Knight if de^ 
^< cidedly of c^pinion that the disease is talE^n up 
<f by Ike root, every experii^c^t to communis 
«< cate it from in&cted straw to others proving 
9^ abortive, andiiiiked If it were introduced into 
<^ tiie ear of the plant bow eoiil4 it descend* and 
^in&et ficdely tiie stem* whinb is the casg, uwf 

<< less when the disease is inveterate?'^ 

As to the iiiffgiis peasiqg mto phM» by the 
roots, or bdng prey^ented &om pr^pagslii^gt by 
9nf€f the means b«re poin^d 9ut» U> appmwi 
ahKNit too prq[M>8terous t^ 

How iB&evit do our housewives find iU to'e&i 
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elude the $eeds, or prevent the fuDgus^ growing 
on their pickles and preserves, '.even 'by tied 
down bladders and tight corks ? And if horse- 
duqg in a mass be placed in. certain situations^ 
it is well known that even the large edible mush- 
rooms will rise and grow where they never were 
seen before. 

Thus, then, if the cause of the rust or black 
blight be as I have stated, — and the observations 
both of Sir John Sinclair and Mr. ICnight' eon- 
firm my opinions, and the observations of Sir 
Joseph Banks do inyt controvert them,'— ^ the 
remedy is simple and obvious : viz. for the pro-» 
duction of seed crops ; let inantuing follow, and 
not immediately precede them ; or at any rate, 
dung should not be ploughed in, on siich lands, 
immediately before sowing the seeds. ^ * 

And it i^equally obvious^ that the ploughing 
in, green crops, must be conducive to the produc- 
tion of rust. And the feeding ' off turnips with 
sheep, or folding them on the land, immediately 
before sowing, must have a strong ' tendency to 
the same effect. : \ -* 

I^ when lands are manured, two or; three 
succulent or green crops be taken off, before it is 
sown for seed-crops, although the leaf and plants 
or strs^w or haulm, of such crops may not appeac 
so luxuriant in consequence^ the seed will be 
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larger in quantity, and fioer inequality. ,- Ajid if, 
in ihe general .course of .cultivation, dung..be 
Applied ; or given to the green crops, ; whiph j^re- 
cedethe white Or seed-crops, the luxuriance of 
leai^ stalk, &c. will be produced. in that cfojm 
which. is most valuable, qither as gre^n fopd, 
tqj;nips,' &c. or hay j and^the^succeediqg.gr^in- 
crops would, ;in no. respect, be diminished j and 
thejstr^w, frmn b^ing free from disease, would 
be much Increased in > value. ;* 

From what I have stated, if two .crpps. of 
•wheat be^desiredin; four years, tb6 better mOdip 
of n^anuring for them, is, to lay on the dung th^ 
two first years for green crops, and take the twp 
wheat-crops following, in the lagt, two ' years. 
There never was a more widely mistaken notion, 
than that ?l supply of dung given one year, can 
:be ejdiausted either in that or, the following yjear, 
by cropping: with any thing, but by burying.it 
below reach of the roots, or so low that it be- 
comes anert or poispnous;, the manu;;e may be 
worse than lost. . 

Sir John Sinclair again very justly observes, 
** By the improvements which may be effected 
" by the observations of ingenious naturalists, and 
«« the experience of intelligent farmers, there is 
** every reason to hope that the diseases of wheat 
^< may, in a great measure, be so mitigated in their 
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f ^ eA6ts» that they ivill not in fbture be fdt as 
«« a national calamity. For that purpose^ how«- 
<« e^er» it is necessary that the diligmt fytmet 
^< should seize &veiy oppoitnniiy of improving 
^ his kno\«rledge in the diseases of idieat } should 
^ note down all the drcumsbmees connected 
^with the subject us they oocmv and should 
^* compare liis d^servations with those of others $ 
^< that wiiether the causes ci rust are general or 
** locals they may as mmh as possible be ob*- 
♦^viated'* 

To this i win b^ leave to add, timt however 
fepeatedly, the diligent farmer may have been 
misled by theory, he cannot be justified in wholly 
exposing or neglecting science. The opimsms I 
liave here endeavoured to explain^ are grounded 
on demonstrative practical experiment And as it 
is in the power of ev^ fkrmer to make tibe same 
demonstraticm, I trust every one will consider 
it^m justice, due fromafi, to do so, b^reChey 
indidge in speaking ligfitiiy <^ them, or in treat*' 
ing them with neglect 
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ON FALLOWING. 

Thb ctmciuTOig Mticm of the pnodp^ 
laid down» idll be fbund correctly to apply to 
the operation of failowingy and dearly shew die 
real value of this process* 

In a gimeral point of view it is obvioiis^ that 
l^oth the advocates for, and qpponents <^ th6 
system of jGdlowing, have indiilged in extremes ; 
Ihe former attributing effects which, under ann^ 
SftQn drcumstanoesy it cannot produce ; and the 
latter denying those which are dearly evident. 
I shall however hope to show, that a little ^ving 
way on both sides, will tend most to the public^ 
as well as ^v»te benefit 
. Sir John Sinclair observes, » Over ibe greater 
<< part of Europe, it was formerly consiciered to 
^ be a most advantageous prai^o^ periodically 
** to dedicate an entire season to the cultivation 
^< of arable land, whbont raising from it any 
f^ crop. It was supposed ihaA the e^qpeose wmild 
V be amply compensated by the texture of the 
** soil being ameliorated, by the destruction of 
<< weeds; which would be thus effected, aiid by 
*< liie increased prod«ioe of the E^jeceeding crops* 
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<< But when the expenses of cultivation were 
augmented^ when new crops, as turnips, were 
introduced, (which were favourable to the 
proee» of cleaning the grouid by their Uter 
<< period of sowing, and the hoeii^ they re« 
« quired,) and when the productions of the soil 
« became more valuable ; it was natural for the 
'^farmer to consider whether such great sacri- 
fices were really necessary, and whether fallows 
ihi^t hot, in' many! cases, be diminished, and 
" in others, totally given up. On this subject, 
<< a controva:^y has arisen between two sects, »-^ 
<< the fallowists and anti-fallowists, which hast 
<* been conducted witii much keenness^ and 
" energy. . . 

*^ Of late years the question at issue has been 
*<'miich narrowed. It is now admitted, that 
<< on all light soils, where the turnip-culture cstn 
<* be practised, fkllows are unnecessary ; and 
<< that on strong lands, under a judicious system; 
they are not essentially necessary more than 
once in* the course of a rotation. The subject 
^* under, discussion, :therefdre, is reduced to' this 
** short question:^— Is it for the interest of a 
" farmer who cultivates cold, strong, - clayey, 
*< adhesive, and ' wet-bottomed lands, periodt-' 
« cally to fallow them ?" 
This is certainly reducing the eligibility of tliiu 
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practice^ to a matter.of jcalculatioa of pr(^. And 
asy after. aOy this muat .depend entirely on the 
means of the farmei', itmaiy not be an unjust 
view of the subjeqt, although a very contracted 
one. 

But does the operation of fallowing increase 
or diminish the fertility of the soil ? This is the 
question undetermined, and is the :most import^ 
ant one, and to solve it, it will be necessary to 
trace thie operation of chemical principles to 
practical results. 

Sir H. Davy saysj f* The chemical thecay of 
<< fallowing is very simple. Fallowing a^rds 
" no new' source of riches to the soil. It merely 
<< tends to produce an accumulation of decom^ 
<< posing matter, which, in the common course 
** of crops, would be employed as it is formed* 
** And it is scarcely possible to imagine a single 
<* instance of a cultivated soil which can be sup- 
*< posed to remain fallow for a year with advan- 
" tage to the firmer. The. only cases, where 
<< this practice is beneficial, seems to be in the 
<< destruction of weeds, and for cleaning foul 
" soils." 

Again, << The most important processes for 
« improving land, are those which have been 
<< already discussed, and that are founded upon 
<< the circumstance of removing certain constw 
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<< taents firom the scnl^ or adding Olhxn, or 
<< chaaging their nature* But there is an opera* 
*€ tion of very ancient practice still much em* 
^ {doyedy in which the soil ia expoied to the 
<< air, and submitted to processes which abk 
^^ PURBLT MSCHAKicAJL, fumiefyf Jalhwb$g^ 

*^ The benefits arising from ftllowing have 
^ been much overrated $ a sununer fitllow, cs a 
•^ clean fidlow, may be aometimes neeenary in 
*^ lands overgrown ^th weeds, parttculaify if 
*' they are lands which cannot be pared and burnt 
<^ with advantage, but is certainly unprofitable 
^ as part of a general system of husbgndty. 

*^ It has been supposed by some writers, that 
^< certain principles necessaiy to fertility are de- 
^< rived from the atmosphere, which are ex* 
<« hausted by a succession of crops, and that these 
*< are i^ain supplied during the repose of theland, 
^f and the exposure of the pulverised soil to the 
** influence of the air $ but this in truth is not the 
*<ca8e. The earths commonly found in soils 
«< cannot be combined with more oxygene ; some 
** of tiiem unite to 'asote, and such of th^n as 
*< are capable of attracting carbonic acid, are 
^* always saturated mth it on those soils in which 
" the practice offallowing is adopted* Theyi^e 
<< ancient <^nion of liie use of nitre, and of 
^^ nitrous salts, in vegetation, seems to have been 
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<< one of the principal speculative reasons for tiie 
^< 4^BCe of sujQQjner fallows* 
^^ Nilxous salts are produced during the expor 
sure of soils containing vegetable and animal 
remainsy and in greatest abundance in hot 
weather § but it is probably by the combinatioa 
<< of ajsote &om these remains, with oxygene in 
** the atmosphere^ that the add is formed, and 
^ at the expense of an element which otherwise 
*' would have fcMrmed an\monia, the compounds 
** of whicl^ as is evident from what was stated in 
<< the last lecture are much more efficacious 
<< than die nitrous compounds in assisting veger- 
<< tatioQ« 

.<< When weeds are buried m the soil, by their 
^^ gradual decoipposition l^y fomish a certaip 
** quantity of soluble matter ; but it may be 
** doubted whether there is as much useful ma- 
*^ nure in thse land at the end of a dean fallow^ 
'< as at the time the vegetables dothing the sur- 
<< &ce were first ploughed in. Carbonic acid gas 
<* is fin^ned during the whole time by the action 
*^ of the vegetable matter upon the oxygene (^ 
« the air, and the greater part of it is lost to the 
^* soil in which it is formed, and dissipated in the 
<< atmosphere.'' 

The reasoning here osS^ed by Sir Hmnphry 
Davyj aflfords iurtherproof of the possibility of 
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staggering even truth itself^ by a plausible theory, 
when practical observation is not brought to aid 
the judgment 

To show the fallacy of the objections above 
stated, and to prdve that by the operation of 
chemical principles, fallowing must add to the 
fertility of the soil, we need only refer to what 
has already been said on the nature of the food 
of plants: however, the more clearly to establish 
those principles which are most important, I 
shall endeavour further to elucidate their appli- 
cability. Admitting what Sir Humphry stated 
to be fact, <^ That the earths commonly found 
'< in soils cannot be combined with more oxygene, 
f * and none of them unite with azote ;** yet the 
remains of vegetables which are always in the soil 
may ; superfluous or stagnant water may also be 
dispersed ; and the fimnation of carburetted hy- 
drogen gas prevented : for as he further says, "In 
<* the production of a plant from seed, some reser- 
** voir of nourishment is needed before the roots 
** can supply sap, and this reservoir is the cotyle- 
" don, in which it is stored up in an insoluble form, 
'** and protected if necessary during the winter, 
'•* and rendered soluble by agents which are con- 
" stantly present on the surface. THe change of 
^< starch and coagulated mucilage into sugar, bon- 
,** nected with the absorption of oxygene, maybe 
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^^ rather compared to a process by fermentation, 
*^ than to that of respiration ; it is a change ef-! 
fected upon unorganised matter, and can be ar- 
tificially imitated; and in most of the chemical 
** changes thatoccur, when vegetable compounds 
« are ^apos^d to air, oixygene is absorbed, and 
" carbonic acid formed or evolved/* 

Then why deny the presence or. action of such 
agents, to change and prepare both organised and 
inert vegetable matter, and rendering them so- 
luble ; and reducing them to a proper state as 
food for plants; when thrown up and exposed to 
the surface by fallowirig ? 

The very idea of fallowing, presupposes the 
land intended to be submitted to the operation, 
, to be charged with vegetable matter, both orga^ 
nised and inert, by long exclusion from the action 
of the sun, air, and light ; and the earth being 
turned up to the depth of the fibrous roots 
.of the plants, and the plants themselves being 
severed and turned upside down, and ex- 
posed to the effects of a drying sun &c., the 
vitality of the whole is (as far as can be done 
by a simple operation) destroyed, and their sub: 
.stance, with that of the before, inert matter, is 
exposed in the manner best adapted for oxydisc; 
ment, or the production of sugar ; which in ^l 
pases is proved to be not only the most soluble, 
but the state most productive pf carbonic acid. 
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tliat' V^etable matter caii tie placed in ; or tjie 
Best adapted as food for plants ; and pahicularly 
df those which are desired to be prolific in fruits, 
seecb^ Bulbs, and tubers. And as tx> such an e:^- 
pdsure to the atmosphere, producing either h^jfe 
ot' dniidlbiiia'; it certainly caiihot b^ likely/ thkt 
lands stibmifted 1^ comnion cultivatiol]^ can I3W 
gii9fci6titly pregri With 'aMniaJ ana^'V4^(^k'bl? 
vtiMeit lb ^rodiibe either j but if ft does soi ijitre 
is th^ *mos(t probable; and thfe%'*cMM^3 
td b* the most profitable ; for mtrq being com? 
poteid of oxygene and nitrogene, it coh^ins^bhe 
or^e[v!l^pmicipl6s of plaAt^ ;aiM^^ 
tb^ ctt^mU takfe iip too' rttich,; m tl^y Jpo^^^^ 
th€^ po^^t of expelling aiiy superfluous qiialniity* 
Biit' ammonia contains notnihg thall^ a plan^ caii 
need,' it'beiii^ compdsfed of fiydrogehe 1 and ni- 
trofirene. By a due Supply of waterj plants joji. ^ 
tain a due supply df nydfogehe^ and mtro^ene 
18 worse th^n useless, ai it proauges disease : and 
mdeed, the wise providence or nature seems here 
distinctly difolayed, by makina ammoniacal gas 
so much lighter than the atmosph^c ait, that it 
miy as speedily fly off as it is formed. , ^ ^ , ^ 

^jftut wiifetiier this adi£iidnai fSr&ity bBt^ined ' 
by fajlowmff, qan be equal to that produced by 
other operations, i^atiotnr ~ 
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«teliimifi$mtion ; but in determining this, we rouflt 
take i^to consrideratiDn an axiom, that (as has 
been before observed) seems not to have occurred 
to Sir ^ Humphry Davy ; viz. that plants may be 
over&d^ and diseased by unwholesome food. We 
wiU ther^oire suppose that part of a foul field, 
evenof a middle quality, were laid up m fallow ? 
and part manured, or laid down to turnips, and 
ted off Mdth sheq) ; and both ploughed without 
4ny further manuring to either part, and crppped 
^with wheat^-^Query, would not the quality of 
^he grain and straw of the fallow land make up 
ifor die difference in bulk on the other ; taking 
into consideration the casualties of rust, and 
&e being lodged or Uown down? and whether 
the clean state of the land after fallowing would 
not more than compensate the difference of 
furofit ariraig fr<nn the turnips ? 
• . This is the simple questitoii at issue, and which 
. camiot be fairly ans.wered, without reference to 
the state of the land which is/to be submitted to 
jthe operatioit* If the land be foul, or full of 
vegetable matter, both organised and iqeit, and 
withal stiff and wet^ on the principles already ex- 
jfihixkid^ Allowing must certainly be a beneficial 
opeiia^tioii ; but if the lajid be free from vegetaJile 
mattery the idea of iocteasing the fertility <>f the 
soili by a yeajrVej^posure to the atmosphere* can- 
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not he supported by any cheimeal priimqpl^: iM^ 
can I believe it could ever have ]^ved ^3<^ W 
practice. 

It is admitted on all sidec^ ;t|ial « ve^g^^bl? 
being destroyed. and deocttnposed^ and again de- 
posited on the spot where it grew^^ adds mucBi; to 
the ds^acitT* of the soil ; arid^ after ^Hbat has betm 
said, a doubt can scarcdy exist whether, if it be 
exposed in such a manner, during the deconqpo- 
sition> to the influence of the sun, air, andlighl^ 
as tQ become duly oxydiz^ed ; it will add more to 
the fertility of the soil, than if it wene decomposed 
in a ]Sitaati(m immersed m water, or olxacured 
from the light, heal^ and oxygene. ^ 

The consumption of vegetables by aniinati 
efibets much the same change, as exposure to the 
sun and air; that is, by fiivoring oxydizement or 
by rendering the si^bstance not only more soh^ 
ble, but reducing it to a state mcn'e readily to 
absorb oxygene ; and particularly when the dang 
and urine are united : and these changes, aided 
by the continual turning of the soil by the plough, 
universally constitute the most ^fective equa- 
tions in cultivating the earth. 

As to the loss of a season, and a crc^ 6f veglh 
tables, as food for animals, or as manure to ^ 
land; the object of fallowing, on the prinpif^M I 
have explained, may be fully sustained and aeted 



in the soil, ip^ he as €#.ctv»Uy pcoc^pedj tl^r^igg . 
oiu?, dry sjummer mwik 9» # tv^y^ 

4P)F grfififr W)p, that iggi ^t ^ bpifljg }:p, 
i«9S«!ed ittlHe ipept^ oi* Ju^e o^ ^yly, ^^ ]^e 

tarep, m?y' t>§ C^ffove^, ^^§r ^ hay, qr ggref u, 
ftK>d iof (5§kttle i (Mf jf tjieig pr otl^ greens ^^ ip„ 

before they are buried or plpng^f 4: Wi \ f% ^ ^' 
%^ ofesfigvfA M OBfi^^ftfi ?f making ffl^ into 
bay* ^ |hfi p9av«|si9n of Hwpys fflto ^ug^ j an^ 
tfeesefere. feny, ^g a manjj^ ^jll Ige foug^, v^j 

lan4 i^ ,J8§9»re(i for t«rmfi^ 9F r^Bfe % fge^: 
iSfc as * ET^yilf f <*0? fw a l#eat ,cf op ^ if rust Qf 
laying 4gjKn pjf gjg qprg ^|3 qua. Q^gc^ tlj^ fe^ 
(fi» ^ .r«^l*Q? st^^te^) giay ^g qai%4 ojff apd 

,€/wrf€[rB^te 1^ Hi» generaj n|[)tV)»& % ji* 

of fallowing. He says, " When weeds afe. bncied 
'^ip th^ foiJ^ by Ihflif g|:adju4 4?6qmpQ^tion 
** %iy SttWh *Ser^ qiHin^ty of splu^te ift^t- 
« t??} tsitit iBsjr Jje 46Ubt^ wh<p!th#r thpj?e ift as 
» 9Ui«b ^mfa^ ©Hfflurfe ig.fte J[m4 *t Jhp end of 
V 3, clean fitllour, asatlfep tiwe the yegf table* 
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♦ " ' " *. ■ ■ ' ~ ■' 1 '' '.' 

' 1 .^ n . . 

•« clothing ^e surface were first ploaighe4 in ;" 
but Kow do^s this accord with his ideas on the 
effects of paring and btirning ? — ^ on the subject 
of which, he very justly observes — " Many db- 
" scure causes have been referred to for the pur- 
<< pose of explaining the effects of paring and 
" burning ; but, I beHeve, they may be referred 
<« entirely to the diminution of the coherence and 
** tenacity 6f clays, and to the destruction o^ 
^^'iiieri;and useless vegetable matter, and its con- 
*' version into manure.'* 

'' IfJ then, the fertilizing effects oiTfire be wholly 
comprised in its acting thus, as an altera^ye ; 
how can it foe' denied^ that the same effects^ 
tKcm^K in k more moderate degree are produced 
by a^ summer fallow? Fire is undoubtedly a, 
Ddwerfiil agent in fertilizing the lapd, and. more, 
particularly when applied to stiff wet clays. 

In a general point of view, I agree with Sir 
H. Davy, as to, the effects of paring and burn- 
ing, and in many of his ideas as to the pequliar 
piiYidples of its operation, and particularly when 
he _i|ays,-- ^ _ . . . ; -. ...,^. .; ... 

^'^^^ When clay pr tenacious soils are burnt, the 
•^ifet W^iW^ saine^idnd iMy ar^ ^(^, 
^* nearer to a state analogous to tfiat pf ^apds^f 
' ^* In'^the inanittacta^^^ biicksj the genen^ 
*« prixicij^le is well iliiisdrated ; if a piefce o? dry 

■S /■ ,' • • ' t *>"'■ '.•■.•" ,'l ' . * •: , ' ' f C ' •• 
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" Ijiick earth be applied io the tongue, it wiU ad^ 
" here to it very strongly, in consequence. of its 
^' power to absorb water : but after it has been 
" burnt, there will , scarcely be a sensible adr; 
" hesion/^ \ 

[ " The process of burning renders the soil 1^^ 
«* compact, less tenacious^ and reteiitiyeo 
** urej and when properly applied, may cqn-, 
^< vert a matter that was stifE damp, and« in 
<< consequence^ cold, intq one powdery, dry^ an^ 
'Vwarm, and much more proper as a bed for 
« vegetable life/' 

<"• •■ • I > ■ f ' ' , ' 

' " The great objections made by specuUtiye. 
^^ chemists to paring and burning is, that it de- 
^< stroys vegetable and animal matter, Jor^ the 
<^ manure in the soil ; but in cases in which the 
" texture of its earthy ingredients is p&ynane^ 
" improved^ there is more than a comjpensaiion 
^^Jbr this temporary disadvantage. Andinjp^ 
** soilSf where there is an ejxess qfiisfERT ifEoixA*- 
<^BL£ MATTER, tiie destruction of It miist l^e 
<< beneficial, and the carbonaceous matter^ re-[ 
« mainijQg in th|^ a3hea ma^ be rnpre use^jto 
<^the crop than the vegetable fibre ifrbm wbicb* 
«< it was produced.** , , > 

As Sir Humphry vety justly observe ^wlje- 
ther the operation of burning l^creaseW^^^^^ 
mshes the'sblubte'^ cartionaceoiis matter, 13 bf 

N a 



■182 b* FiAj-edWiSis. 

flvkiyixmsiiem.i hU <(^Wt i6 terifn^d tbe SAiediU- 
htoal dhaftfefe in thfe tek'tiofe fef thfe isoflj Is *f the 
g^esX^ ini^6rtkhc6, as & this refsped 4ltie land 
may not only be considered as perman^tf^ im- 
fjtoiied, Wd aifiered &oih that state in /vt^Mch it is 
kl sM ^Me^ MeettiSh m4te pkidac^i-^i^i^hit of 
"bmg irbrmi '^ik)^aamvlkkmdm}Amjii- 
vsis^y "diffld^ - and fexj^etisilv^ in it^ ^rspkiMdn 
^&t a6ik-cxdpii HuH, >ih^^r^M, m i^ipi^iSsited 
fdr i^^tig <iat{K^^ ^'t6 k's^H^ >&«e ^^nM those 
casual defects ; — but it is rendered iesis iisatj^^le of 
ftfrtning'ioid ¥efiB»ihgYM/^^^if6 ^kecOtht/ iiege- 
'tatiOrh s^jrAc^NA^i- VA^ritt, ifod ^u(5i ^ore ^pa- 
*^teof reci^?«««g %M %p^l^ng, '^fnWuiit ^ dU 

lOifese Wfettib^^feit'aiia nftdst VaBualfle'feflfeietii of 

"Sfh, nmh^^^'^ ^^em in Mtmmh'. imd 
^fllb^^jng kppnJ^Miftgs 'the 'hfeSre^ to m, ih ife 

feSdts, of aify dpi^^iSdn ita Sg^wiltitre. 

It iswfeUndipiwiB, 'fliactkiHWals T6qtilte k 'bon- 
^tarit supply '()f>g^h^, td>iuiti3h ttV^HOtyex- 

i^teiiii^ ^d'thfe <idtiitil»t '^ppty bf&m im^, 
% 'm Im ie^&^titi 'io me hed% ^emkiide of 

vegetables. 
The MjI ^d stfbsofl ^dt fe fcdtfatiteftea -and 

situated the l)^st 16 ivdii^ Ih^ese'piibid^, js 
"always'the ftiost valoaMe ; and «very op€!ration4ta 
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hmhMAvy th^t is known to produce f^^tiSiy in 
the is^,t acts m unison with them ; indeed, undeiv 
ilf ftini^ proves^ cmitparat|vely, lihat agricultural 
plants do better without iWiiter, than t^hen imraci'* 
sedin^tagnan); waiter; anddrHgattion shews,, that 
wh^n rii^dly diafkigiiig, a [dant can scaitody have 
too tntidi water. ' Digging and ploughij^g, and 
hoeing, titkringi sdidtiy:i6fchig;upl^«oilf not only 
Jb6^eii» die teKftn^ and thi&roby admits a uioitr 
perfeot pefTOolaticm of water; but spongy vegeta- 
ble miKtter, that^ wbUft under the ^arth, reitains 
water in a state of stagnation, is brought upon 
the surface; the unwholesome moistufe evapor- 
ated, and the substaiice reduced to a state iaote: 
absorbent, but less retentive. 

When the earth is in a pnoper static or tlie 
soil ^and «ubs(Ml properly constituted, and under 
proper circumstanoes ; a constant dfculation or 
motion o!f*ti)e water up aoid down among the 
tx^ts of vegetables, is going on ;^--4hu8, when rain 
ftUs in sufficient quantity; by its gravity, it per- 
cciates and sinks through the soiL And again, 
as soon as the surface of tjie eMth is suffioientiy 
rarefied to pass off what it rc^tains in vapour, tlie 
motion is reversed, and by the capillary attraction 
of the Boil the water is again raised, and brought 
to ^e surface, and in its passage upwards again 
comes in contact with the roots of vegetables; and 
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iQ>ldii4jflmitiiet/fttx)nlJiiw change ^off^^at^^Uidf^ 
fraBb suppfie^ of thcTitbbpmiQqpleare piodueadi ? 
Iti9)endfl(Dtly this piin^jj^ which esbibliahes \ 
th» greatest value of the operation of homng* -* 
And . although not recqgnised by Jetbro/ToU^ 
was 3iidnt;:gaveje%tt:tD his i&Tc^rite^ prpoess. oft 
Jmrsf^Hoeingi It is- &is aba which prioduced 
the. iifecrened iertiUty w mwh ai^ so^Jmrtiji^ex^' 
t(fcUed:^ffa};r Mnt C^bi^v^b, -In; his mode oi^oliltupe^ 
that of irapeiitedly stimi^ the piirface- -b^tweea 
the^garovi]% v^gjstabJidSv; andnot^as^bersappoted^ 
the absorption of the volatile gas thus extricated^ 
-byitl|e^kavefir.df ^nts; Had MtiCnrtreofs^cDh- 
cefitioi^ibeen jiist, the plants at a cca^aidetable 
diaUm^ from the loosened &K)il) 'mu&rt;,have beeit 
sbencfited.by the floating of the vapour, or^gas^ 
.bj^iiie:j«n^ ibuiiwhieh I taike fergtantiedmas 
.nofetheioafle^ i The fiw^ is, dtay^ as •80q» -ait sa^ 
tudtiMed .wxth: vateiv . retains ; it in a akate^^of stag*^ 
natil^%) tpfjiieuesclusbar of fresh ' • sdp^da^' ! aiid 
. tb^^^iplaiita grofwiutg m it, ate eacposf d to pomoh 
iQgf and etaiaratiock. And whea th& susd&oe is 
opi9Aiedjup0iljbj?.a dicing sunv > it^^o^dbnete and i 
opfitffiinJiaiig^ clefts or fissures, through which^ 
tHf^fKif)«ur «a(^apea; ivrhilst the roiots are closely 
^^t^epe^d w^a ;dry laass^ and thus .by tiie other e^ 
tri^mo^^ the vegetable is {daeed in a state ^staviM^ 
atiop. By repeatedly hoeing and stirring thje 

I* 
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sikrfkce^' the adhesion^ is €oant^acted/Jdiidt^d'> 
raiiii^wsiiter^rwhb the soluble rnaimre^ imire^^er^ 
fec% distributed amottg the roots'; and the coii- 
tr^tion ' of the sur^e in drying, being pre^ 
veifited^ or the fissures and <;lefta being closed or 
filled up, the water raised by ^«Ya{K>ratiba ia^^ 
nkoce eqaaQy diverted aiabtag the xoo^, A pro^ 
p6ria|tffiK|}on to, and eoinprihi9n8ion:«rof/ 4^^ 
piineiples^ ca» alone enable a person to judge of 
the^d^bilily of paring ;aiid burning, and to es- 
timate JIb ^probable value ;when ii^pUed to partis 
calarsoiR. . 

Itis evidenty'that the most important and per- 
m^ent dfects of fire, consists in its imparting 
calcareous quality to the earth $ it must therefore 
beasevideafc that soils wfaicknaturaily contain a 
due proportion of oalcareoUs earthy such as ciialk^ ' 
limestone^ marie, . &c. /cannot be so much im- 
proved by lafmin^. The e£bctx)f dressing, lands 
yfiih lime and. marle^ is to a. certain degree th^ 
same as fire^ apd. therefore tliosejaqds only, 
. wfaieh are deficient in calcareous matter can be 
peroaaiiealiy bene^ted by the addition t)f those 
. sufafitiuiQeiB^ - . .Calcaneus earths al^o antici{]Kate 
<th^e£^ctsof putre&ction, by reducing vegetable 
.and animal substances to soluble oxydes, and 
; thus tihey prevent a loss ^ carbon in tlie fwma- 
tion of carbonated hydrogen gas. 
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And fnMft the efifedt of th^ Hypierations, other 
impottaht ^hdusiofis ixi^y be drawn, vi^. that 
the woriking of the plough, the hoe, the harrow, 
and the roller, cannot weH be overdone, during 
the dty. Weather of spring, suttilfter, and autumn; 
and that it c^nttot be too seldom doiie in wd: 
weather and in winter ; ais these loper^tions, when 
the surface is dry, t^pen the pot^s t and, when 
Wet, close them. 

In all casets, where the soil is so tenacious and 
retentive of* water, ^s to render it necessary to 
lay the land in narrow ridges for the purpose of 
gettitag rid t>f it j fife may be applied in the man- 
tta: before explained, so as to effect such an im* 
provemteint as Would amply repay both the land- 
ioitA ifid th^ tenant any expense that may be 
kte&tttA by the operation. 

When iaYids are laid in narrow ridges, the best 
imd modt ^dBfective manure, or tiiat which is laid 
tm t2ife »ni&ce, is washed away, and the spastres 
oeciq)ied by the furrows are wairted> and so much 
hsaA losft. The ^urfaCe-isoii of sudi lands being 
made friable, and open in its texture^ ^sufficiently 
to admit of a fre^ percolation of ^crater to a proper 
dep£t%^ and well imd«ir-draite&d, would iiot xaiAj^e 
tendered more jjrodurtive, biit like fine sandy 
ioam^ it would admit of wox)dirg at a9l times and 
seasons. 



I oWCe saw a very iargte fic4d, of ^ fetiff 4bxy 
clay, laSd doMi tb turnips ; Dtt6 half had been 
reducifed by btrrnihg, ^nd the xrthtt- trbt: the 
pfart thiat was burnt, Was clothed with ^s fiwe a 
ctdp of Voofe, as ccmM be wished ht^ Whi!^ on 
the'othfei-, the'seea, although the siaitie in both 
x^es, and soSVn at the same time, appeai*ed to 
have failed, there b^eftng t)nly a few thin p^rtxl^es 
of plants; and the 'c^se was obvtous. The 
surface of llie unburnt clay was dosed, titiA ten- 
dered iinpefi*t^iou6, immediately after sowing, by 
rain ; but the calcination of the soil in the other, 
1cej)t it 6pefn, and made it accessible to the air, 
which is poffltively necessary for the getmindtion 
of seeds. 

The reducing of clay by fire, nfitiy he tron- 
^idered as thre best mode of rendering "sut^e 
di*aining unneCessatry. 

•Sir John Sinclah*, attet a vefty coni{>r€3iefrMive 
^a hiinute 'detafl d£ all the diffetett: ttodes ^d 
^effects df "dttottiiig, very ^f dperly *s9ljrs m -ton- 
dlui^ion, *« So sfenislible hatve hxiAeA 'prdptiMors 
** become 'of the deep interestiS Utey ^have im 'ex- 
" eciitiflg*this mdst important sj^eciefe of hnptove- 
*^ ment, on a liberal and extended scale» that it 
<< is a practice with many, to have a general plan 
** &r Ihe dramage and regular division of the 
•* difierent farms, when their estates ara newly 






188 ON FALLOWING. 

" let; and the work is thus likely to be completed 
<* in a methodical, substantial, and permanent 

manner, under professed draii;ier/£^. 4^4 Jt^bour- 
ers solely emphyed , on ^ this ;e£is^n|i^ . w>rk. 
" On this great scale of drainage, the connection 
" of one farm, or part of an estate, with another, 
*^reiiders the ieflfect more torajletei ot 
**tiltimite charges much less. " Indeed,' tftfe t^- ! 
** nants are so sensible of the advaintageli of this 
**'^steih, that they give it a preference to' 
** having thfe work done a£ thfeif own expense, 
" aiid in their own manner.'* 

And on tibe effects of draining, he further very 
justly obsep^es : " On the whole, there is no 
" hieans by Which the value of land can be ad- 
*« iVancfed, 6r from which, when usefully aipplied, 
** so many advantages can be derived, M a mo- 
•*^deratfe e:k:pense, as that of draining. The 
" owner is benefited by an increase of rent j the 
«* occupier by that of produce ; and the public, 
'^ by being thus supplied with greatet quantities 
** of the most essential commodities, and by hav- 
<< ing a source of useful employment furnished 
<< to the labouring classes^ of the cominttiiify.^' 
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t>S THE COMPOSltlON OF SOILS, AND tME, 
AGENCY OF THE EARTHS IN VEGETATION. 



Th£ surface of the earth is a variable com-i 
popnf)^. but as it respects vegetajtipn, it is not 
BK^c^ssaiy to ? jpurpuei ^ anajy^ beyond tl^ ,fi)U 
lo^ng siniple divisionsi vi;2;i^ calx»<x)r 4jie c^ 
car^ju^ f, .jjUex^; or the ^QiceQU^ 4 qlay, or ti^e 
argillaceous ; magnesii^ , pr the tnagnesian;; : apd 
carbon* or the carbonaoeous, pr^ as this is Q<^n-> 
mpnly called, mould. : .^ ;?^ , / ?; 

?The: first four substances, are yrhat MUler 
properly calls: the cpntainii]^ part* w bodjf; ,bed, 
or coUch; and the ^fifth substance. or, mpuld,, 
(which isi tj^e result of decayed animal ^.^d. yei 
g^lablQ ma^r,) the part ppntaiipied- . . , , , ;-. 

Itis cl^^ly proved that neither, of the /out ^ 
sul]^t$nce^ calx^ clay, magnesia, oif silex,, iij ,^, 
simple^ stat|e> whether. separate or combiped».wiH 
s^p|)OTt,a pla^t ^ jiijd that fi^^ 

eveiy part 9C the ^0^ is 4eteWWSd» ^X '^^^ 
quantj^ty of mouldy or animal an^ vegetable mat- 
ter it contains. 

. On the earths, as forming a component part 
of plants, Mr. Kirwan says, << The next most 
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** important ingredient to the nourishment of 
" plants, is earth : and of the different earths, the 
« calcareous seems the most necessary^ as it is 
♦* coJ3l^n^4 in rain water \ and absolutely peak- 
ing, many plants may grow without imbibing 
any other; M. Ruckert is persuaded that 
^^ fiwrth m& water in fxop^p pcafti@Bfc ^m^f Acf 

^ flole i^iitrim^t of plw>Js » fouVM? QieJ>ept Im 

.. ft 

« puBe earth of dujs, «ile»t i6j4<»reQ^ |BH^^ ^ 
*♦ ma^^fia^ iij vftriotia pr^ortiQiMfc and m^'^ 
^ me^ theaetk with witter, h^ fmsd ^t m ff*R 
Hw)uld grow ^l t^emi tetf when Bi^pigji^^^ 

<«with water from a dungthUJt c^ftPtt gr W^ Jp 
<!« them pfdipei»»8^yj heiwfi.^e a^epinf^ §f fhe 

^* ei^1?aiiftee0U9 ps^ipto ii^ ^ 

Hb alM says» ^^ Earths oauiMit ^viss inf^ 
M plants, i»iit in a slate of soiuti^n } or at; Hf^t 
** only when 4iiUfipattded w$th wjil^ in a ati^ of 
^ ^Mttion, as minute as if diejF r^^Hy Itetd b^en 
<> dissdved ; tbat siliceous eart^ m^ hi sm* 
^^pe^ded m sueh a cHk^te of diyisi(m» apiKfftm. 
<< from varioua ^tq^eriiMiita, pa^rtieiikfJitly iko^ 
^ of ^Pergiffi^m, who fiiupd it thus ^cffi«»^ m tl^ 
«^ purest w^t^rs of Upaal $ anfi id b equ^l^y <^P^ 
«< tain that it enters copiously into i^^laHefi f 
^< bpA his €|xperimeiita» especially those of j\fi^ci, 
'(^ estabtish this poinl^J^ond eoatri^c^im* Ar- 
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<^ gillaeeous earth loay nko be imdy difiuai^ M> 
^ as to paas througb tbe b^t oi* filtre» ;l so tmy 
<^ abo calx, aa a]n[>ear8 &om tbe qunotity Mar* 
^ graikf &und ia the piurest rain waten'' 

€Hi tbia part of tbe sitlgeqil^ aftc»! smtmg a 
great number oi' espevbiiieiits^ Sir: Hunqph^ 
Davy observes, <* The gcsiexal ceanlta <rf tbi* 
^ easperinii^nt^ aic€ veiy mucb oppwod tx> the 
<> idea of tbe eompmiiion of tbi^ eartha by plant^^ 
^ from ij^ of the ebmenta found m thf^ almot 
**' q[diere or ^ waterv*^ 

Hf^ also aaye^ «< Aa the evideoce^ Qn tlue^ ^ub^ 
<< ject now fltanda^ it a$»im ftir tP fsonclud^^ 
<< thfl^ tiie different eartfbs imd valine mA>9t\mQ^ 
^^ &!Hid in tbe 0rg»9fl erf planto, aie auiq[di^ 
-"^by the aoila in which ti^y groivb and ui jim 
^ casea composed by new arraagementa of tibie 
^* efemeflia in air or water.'' . 

Hate again ia a great diffi^rence in the: ofmm 
of iiiose great cfaMii^ta, and on a mmt mp&ttr 
aikt point) it being adm^bked tluit eart^ art 
a neoeBsary in^e^toftt in tb$ oompo^ition. of 
]^tfi» the ^^uteation naturally ari&iafi, homt w4 
in whark prqportioMf and ia what stete, i$ it r^ 
quired by v^^:aUes? If iiir Hmnphify Davy^9 
conclusions are just, a minute examinatifffit: W 
ainalyaia of aoile» would be raqwaite to fpiin a 
oorreot judgment of ita capacity p and to i^i$a« 
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^kttil^ he has gone, oM ^im^ ii^m^^sfitti- 
jBH^ proportioiis of several fertile soils; he hm 
also described the method of amlyzuig wUfi; 
but the quantity of earth required by plaats^ ^ 
tiieiir Various coixqpoimds, is so «tiiall^ at hsffm^ 
iHl dmht to sustain Mr. Kirwaa's opMap» dwl 
it ti^ siqppHcd by water.: 

Thiit the clearest spring water contains a 
quantity, of earth, every pennon may obtcto oc^ 
ular demonstration of, by exaffiihing the 4Bside[. 
of a tea kettle, in which water has been boited^Hf 
some tim^i &e earth that will be foand adhering 
t0 itf must have been d^oM^t^ from "w^t^'^-I, ; v 
* Thus itheH^ as far as the earths are concemei^ 
M m attide ^ consumpti^ or a necesiarii^^ 
eonqfKment in the food of plants^ we may r«st 
satisfied with the natural compositioayof modt; 
soils, and direct our attention only to its^coiisti- 
tution, as it influences the absorption, retentional, 
and distribution of water } and to its cbenucal 
powers, in regulating and determiniiig the cpc*^ 
tent and effect of the diff^ent fermentations^ 
dombinations, and decompositions, cirhiph are 
requkite ' for the reduction .and preparatidi fd 
th^ vari(|us Mbstances whidi constitute the fop^, 
irrf*plante.i 

If the jfeaftib was left sokiy to the actic^ ^ 
the Haftural wd. chemical prindpies^ of affinity^ 
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srttrafefiota,' r6[}ufeiD'tt; 'f^e. the a6ciimuktu^"OT 
"^ddiicentFation, of ^h6 separate primitive* sud- 
^stBMeehi or ctf^v^etabl^ and animal matt^er or 
mbuld ; ' ifoay be too great t6 raise and sustain 
JihteW4it> ttiestlths^ and fniitftil state, and suck 
lll#6fe^y^i?^i^ bodied either sirn^^^ 

or combined ; we therefore firi^^ that natiire^hds 
provided the means of averting those 'extremes, 
by^reducih^ and Mendii^ or mixing th^m,ant\ 
fliis "by 'the operation, of ihsejcts and reptifes^j 
ais 'has be6n before observed, the eartli worms 
seem peculiarly formed for this purpose ; by their 
means the dijBfereAt substrata of clay, * ddlx, ' ^qH, 
kc. are^ covered with a stratum; "coirippuhaed 
dP^the fihbiy divided ma^tef of its'coinposit^^^^ 
ibrkhing ivhat *is ^aled loam; or tKfe soil : these 
Httiie creatures, in miakiiig their passaged or in- 
roads, have 'no other means of clearing their 
,wfty, thkn by eiating the opposing matter, carry- 
ihg'it to the surface ind there throwing it up: 
hence ^e find, that 6very part of the glpbe that 
sdpports vegetables is fumisheci, or covered, 
.^th ^n admixture of the dijSerettt garths, form-^ 
ii!^ the sdiH of greater or less ^epth ; and th^' 
d^iii ^ot this stratum or fcoveiing, the i^egree* 
of concentration, and proportion of the difier(|n^' 
.substances, the nature of the $ubstra^'as it 
regards the percolation and Yet6nlioh of water ; 
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the quantity of water supplied ; and the expo^ 
sure to the sun, air, and light, determine the 
natural produce of the general substance or soil« 

From what is here said, so far from earth 
worms being an enemy to the farmer, they ar^ 
his best friends ; without them his lands would 
soon become impenetrable to air or water, and 
hence sterile and unproductive ; and it is eer^ 
tain earth worms never wound, or prey upon 
the sound or living parts of seeds, roots, or 
plants. 

As Mr, Kirwan observes, the calcareous earths 
seem to be the most necessary as a component 
part of the food of plants ; from its peculiar 
ehemicil powers, it is also most necessary as an 
operative agent in the preparation and reduction 
t>f animal and vegetable substances, and in due 
proportion, it is also well adapted to render the 
KXthet more tenacious substances peimeable to 
water and air, all which have been before ex- 
plained. 

But that state, in which the operation of the 
-calcareous earths have been found to be tii6 
most powerful, is lime. This singular substance 
is never found in a native state ; but from the 
Bimplicity of its formation, and very extraor- 
dinary powers, its uses and application in the 
iftrts is most extensive, and perhaps no produc- 
tion, from its universsd adaptation, ever obtained 
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or ^deserved more attention from the chemists y 
bat I very much doubt whether any person has' 
yet been able to give a demonstrative definition* 
of the principles of its various action. 
"The application of little in agriculture ha^' 
been justly desmbed to have rendered sterile? 
lands fieirtile, and fertile lands sterile* To speaks 
of it, tiierefore, as^ a manur^ is evidently absurd" 
and calculated to mislead. The meaning of th^ 
term altf^ative, as it is used in medicine, is ge- 
nierally understood, and this appears to me to be; 
the proper deiiotnination for lime, when applied 
to the cultivation of land. 
': Sif Humphry Davy, has given a clear and* 
minute detail of the component parts i:^ the 
basis of lime, or lime-stone, aaad of the chemica]: 
pmidplesof its formation and action; buJt either 
from a want of a more marked distinction be* 
tween the eiSfe^Btsof quicl^lime and slacked Jime, 
or from some other cause, his observation!^ by 
no tiieans accord with mine. 

He i^is, »^ Lime forms a. kind of insoluble 
**'s<bap with oily matters, and then gradually 
^ici^eoiiapoftes them by ^separati^g frbm them 
^ oxygene and ^td)on ; it tends to diminish^ 
^'IStefme, 4^e iiutiitci^ piD^ers of ^aMnxmeaa froni 
** the same causes, and always destroys,. -to. ^ 
^ certain ext@nt,^he €^cacy of animal mman§, 



M eiflier by:c<mibflni$g "vn^ cert£im df^their ^I^** 
Hments^ or b j givinig to liieiii neftr ammge*; 
:<5ments. Lime should never be applied with 
- animal manures, unless they are too rich, or 
^ for the puiposes of prev^ittng noxious efflu* 
*** via; as in certain casi^ mentioned in the last 
.^ leottne^ it is injurioms when « mhced i mlii BJtity 
"^f conkmond^ngyaxfcd tench to^^^ 

M ii^^^dw^ Its thai^ befo0^ cbse^^:^ J Iwv^miQK 
the cra^^ainetitum, or dbtied part- ofiUoo^ with 
'^dok MmCr which formed a kind lof insoluble 
^ap^ and was therefore inapplk:iat>lB>as fded ipr 
.plants; but mixed with ^Aiclr£!e2 fiine it formed a 
perfectly isobAie so^, and thur rmidered flie 
«iibainen immediately applicattle aaod. inodoiDus, 
)wincli l^ ta itselE coi^d : not have become so, 
<.ipitiliit{had undergone the putrefactive ferjnwnt* 
f fatibii 9XHA hme; thus /^nernted and diffitsed a 
most noxious «^uvia. 

mo He again says, **ln t&ose cases 11:1 which fer- 
01' iteaftt^iou is tfseful to |»x>duce nutriment from 
-fF/v^g^tat^ substances, lime iil alw£^ effiea- 
-i^oy*.^ - Nbwin tte ies^peiim^nt I hav^^jiert 
ieMptaitied, It pi^vetrt^' the^ fl^fttitotatio^ ai]^:>I 
ffe^)^ idways ^feti)B^ t^s W^' b^ 

gii^Pfla&es sa^s^ ;>< It iiipt>eaars^£r^ ll^ 

^< experiments carelhlfy made, that sugar is com- 
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^pQsed^ entirely ef bydrogene^ oxygen, and ear- 
^ hon. Mn Crmksliank made many experi* 
^^^ mehts on feiltoentalddH, and inyariably found 
/f that wkenever he jtdded a feuftb substance tb 
f^ tbe^throe whidi^ cimiposesaxsdiiarine matter^ no 
,!^^ foinbentaitiQn todi^^^bK^ MtriedilMe,,and at 
^ anojliierijtiiiief^' a-snudl i}tiantH^ of pptB«h# ind 

Sir Humphry Davy daojsaysi' f ^ Qiudt lidie 
f^iir^dta^^Ulerid^tei wheUiet^ m -pciwster/Qi: [jUb- 
^^^aoltj^din /watoTi is^ lnj^atriaii& toplantsi'f^^^ r : < 
I have foirad dacked lUne, wh^n sb^m or 
spread over plants of (sH kinds : amd/ stagiea of 
fgt&wth^ixi destroy slugs, efifedtually perform tfaiify 
ond'wiliiout intrtiik least injiudng tbiS plants»> r 
\Ai9 it must appear from th6se..ofaserral2km8, 
fbatl omhotpracttcaUy a4d hei^fioia^^ fiutber 
upply tbe infereiices of Sir Humphry Bayy, 
.T^ardiiig the i^ea of Imtiein n^rtodture; X sh^ 
not obtrude any further remarks ou bis ideas 
oii tiiie aulgeot i but shidl give an extract from 
f^the Encyclopaedia Britannica^ which appears to 
me, to be more clearly, if not correctly, explan- 
atory of the uses and eflecte of lime in ^agri- 
culture: but even this atithor, seeids either not 

of lime, or to have erroneously described^^^* 
^B9pe9A»of[i^ an(^^|Mt(9o9flu9ing 



198 ON -THE COMPOSITION OF SOILS, &C. 

.^nd hastening putrefaction ; but as before showir^ 
lime possesses a directly opposite quality ; . it not 
only prevents, but arrests putrefaction, and is 
therefore in fact^ antiseptic ; and it is the action 
of this principle which renders soils prolific^ 
Litne is» certainly, a most powerful agent in the 
^ecoEbpositiom Df animal and vegetable matter^ 
but it is (m a. principle more analogous to that 
of fire } as in the instances before stated, it not 
^iily .prevents the. effects of putrefaotion^ whidh 
are obiloxious to v^etables, but it accelerates 
the formation of those compounds which .are 
essential to fertility* 

, It is stated in the Encyclopaedia Bdtanmca,t 
" Where the ground has been suffered to remain 
," uncultivated for many ages^ producing . all 
f* that time succutent plants^ which are e^ily 
« putrefied^ and trees, the leaves of which, like*^ 
♦* wise contribute to enrich the ground,^ by their 
** falling off and mixing with it, the a6il wiil in a 
f* manner. he totally made up of pure vegetable 
*' eajth, and Jbe th^ richest when cultivated, th^t 
^* can be imagined^ Thi^ H^as.the case with tbi^ 
f* lands. of Americ^i y they had i»mained.unciilt»« 
vated.perh^^ ^nce the creation^ . and were 
endowed with an, extraotdkiary degme x)f fes:^ 
tilityj nevertheless,, we ^reassured by .one 
** who went to Amenea^ in order to purchase 
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V' Imda thpre, that i^uch grounds as had been 
*^ long cultivated, were so much exhausted, as 
" to be worse than the generality of ground in 
*Vthis country. Here then we have an example 
*« of one species of poor soil, namely, one that 
** ha^ been formerly very rich, but has been 
deprived by repeated cropping, of the greatest 
part of vegetable food it contained. The 
" farmer who is in possession of such ground, 
** would ,no doubt willingly restore it to its 
«* former state ; the present question is, what 
" must be done in order to obtain this end ? 
" We have mentioned several kindi^ (rf* manures, 
^* which long practice has recommended as seF- 
" viceable for improving ground. We shall sup- 
*^ po^e the farmer tries lime or chalk ^ for, as has 
<< been sean, their operations upon the soil must 
** be precisely the same. This substance being 
fVof*a septic nature, will act upon such parts of 
" the soil as are dot putrefied or but imperfectly 
*' soj HI consequence of which, the farmer will 
"^* reap a better qrc^ than formerly. The sep- 
^' tic nature of the lime is iK>t altered by any 
<< length of time. In ploughing the ground the 
y lime is more and xn0re perfectly mixed with 
»Vit, and gradually exerts its power on every 
<* putrescible matter it touches. As long as 
** any matter of this kind remains, the fartnei* 
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«5^>dJble matter is all eiiha^tei^'tbej ground thear 
^* hkcome» perfectly barren, and tbe Qaai»tic 
i^f J^alittes of the Hmecire moBt unjo^tly blamed 
¥.for burrfing the grounds and reducing it t^ a 
*^,€aptit mof^ttmmi while it isjrfain, the lime has 
«*t>nly done its office, and made the soil yield 
f^all that it W93 capable bf yielding/ ^ ^ ^ 
t :** -When ground has been long uncultivated, 
** producing all the time plants not succulent, 
*• bit such as are very difficultly disisolved; imd 
,'i^ in a ; manner incapable of putrefi|cti6n, there 
^vthe ?oil will M excessively barren,^^ and yield 
*• very scanty crc^i^ though cultivated with the 
^V greatest care. Of this kind are those lands 
Mco^vered with heath, which are fouiid to be 
« the most barren of any, and the most difficultly 
fSbroi%ht to yieid good ci;<^s Jn this case 
>6liind ciwUl be as serviceable as it was detri-i 
<* mental in the other j for by its sdptk qualitied, 
mt iifiU continually reduce more and more of 
t^itbi^^AOAiJo^.a putrid sUite^ and thus there will 
** be a constant succession of better and better 
iif)eiops; .by the continual use of lime, when the 
c^ .<|uantity^Jirst laid on hasexetted aE/its force. 
in £y a ccfQtinued use oi this manure the gt»UQd 
f^ will be gradually brought nearer and nearer . 
^hlo th^^i^re^oCgsu^den mouldy and no doubly 
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^ atiy^ : ttui^it Mdll W as great a itifettfce to imai* 
^igiii^^ fiiat ^by tbe me of lime |hift Jkind of 
^ mM maiy^4>6;r^ perpetuaify fertile; a$ to 

*f tiiii]^ vthat tbe' other waS; naturally so ;: for 
>* though liiie enriches the soil/ it does so, not^ 
*• by adding vegetable food to it, but by pre- 
" paring what it dready contains ; and when' all 
^^is -properly prepared^ it must as certeinljrbe 
f*^^)ihaufited as in the other cfise* 
\ ; If Hei^c&0Ei wehave examples of t\ro kiiids of 
?^ pobrsaoife >• ^ one :of which is totally destroyed^ 
>;&^ i^jotheif' greatly improved by lime; dnd 
f^ isrhich therefore re<}uire veiy different manures: 
♦* linie^being more proper for the last than dung^, 
^^ while dung bang more proper to restore an 
V etilausted s^ than lime, ought only to be 
^^tised l^r the fir$t. Beside dunging land which 
^f hais been ^exhauttdd by long cropping, it is of 
f ^ gr^at servit^ to let it lie fallow for some time ; 
♦< for to ihis it owed its original fertility, and 
^^ what gave the fertility originally cannot fail 
♦« th Restore it in some degree. 
:^;(K<r By attending: to the distinctions between 
^tiie reasons for the poverty of the two aoils 
¥ff^fatTtmt mentimied, we shall always be able 
. ** to judge with certainty, in what cases lime is 
•♦to be used, and when dung is proper. The 
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f\ mere poverty of a soil is not a criterion where*^ 
" by we can judge ; we must consider whp.t hath 
" made it poor* If it is netur^y so, we may 
almost infallifoly conclude that it will become 
better by being manured with lime. If it is 
artificiaHjf poor, or exhausted by continual 
cropping, we may conclude that lime will en^ 
tirely destroy it We apprehend that it is this 
natural kind of poverty only, which Mr. A»^ 
" derson says in his Essays on Agriculture, may 
** be remedied by lime ; for we can scarce think 
that experience ^would direct any person to 
put; lime upon land already exhausted. His 
5* words are, ^ Calcareous matters act as pow©^ 
*< fully upon land that is naturally poor, as upon 
" ladod that is . more richly impregnated with 
'' those substances that tend to produce a 
" luxuriant vegetation* Writers on agriculture 
*^have long been in the custom of dividing ina- 
« nures into two classes; viz. enrichmg manures, 
" or |liose that tended directly to reader ^ 
soil more prolific, however sterile it may be; 
among the for.emost of which was dung < 
^jcoiting iPfianure^^ or those that were, supposed 
*VtQ i^ye a tendency to reaider the soil more 
pr^iifiq, merely by acting uipon. those enriching 
manures that had been formerly in th^ ^soil, 
Jf. itid giving them a new stimiilus, so as to eft^ 
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^* abler th^m to operate anew upon that soil which 
they had foririerly fertilised, in which das8 6^' 
stimulating, manures, lime was always allawed 
to hold the foyemost place* 
" Jn contequence of. this theory, it would 
fyliow that Jime could only be d[ use.as a ma^ 
,*< Uiure when . applied, to rich soils, and when 
*^ applied to poor soils . wouhl produce hardly 
i* any^ oi^. ev^i perhaps doubtful effects. 

" I will frankly acknowledge^ that I myself 
" wail so far imposed upon by the beauty of this 
*^ theory^ ad to be hurried ^loog with the general 
<< (;^rrentoCmai]ldJa4i)^ the&m parsua^^ 
:*^ tiruth of this observation^ and for .tnany years 
" did uot sufficiently advert to jdiose fects that 
" w^ire daily occurring to. contradict. this theory. 
** I ^01 now, however, firmly convinced from xe- 
^ peaited ob^ervatiooB^ that lime and. other cal- 
«* cortoUs .manures, produce a .much fip*eatet 
- plopottional io^Jement upon poor soife, 
*^ than such as are .richer. And that lime alone 
'< upon a poor soil, will, in many case$, . produce 
*< a mwh greater and more lasting degree of 
-" fertility than dung alone.' 
: " Thus far Mr. Anderson's theory is exactly 
** conformable to the theory we have laid dowii, 
i* and what ought to happen according to our 
•** principles. He mentions, however,, some 



^&Qi^ which deem very strongly to taHHtiith 
"^against it; and, itideed^ he himself seems t6 
^< pFoceeid upon a theory altogeffaer difl^reftt ' 

"Calcareous matters atone (ays he) :is( ndt 
"capable of rearmg plaiits: ' to "peiiiaftkJrt^ 
^* mould is necessary to mix wi& it in c^rtaih 
^^ proi^tionsy bd^ it 43&n ftorm a • propei; iitoil. 
" It remamsy however, to fag xletenmiile!^ wi^ & 
"ihe due proportion, of these injpredientis' for 
" forming a proper sofl. ': t r> ^^ 

*^ We know that|ieitfaer cbalk, nor marl, hor 
" lime, can be made to nourish plants alone ^ 
*^ and soils we sometimes focbid that abotmd With 
^< the two first of these to a faulty degree, biit 
'"the proportion of calcareous matter in thes6 
." is so much krger than could ever be produced 
« by art, where the soil is naturally destitute rtf 
*^ these substances, that there seems to be no 
"ilanger of erring on that side. . Frobabiy it 
<< would be much easier to correct the depots 6f 
^^ those soils in which caleareous matters super- 
s-abound, by driving earth upon them as manilr^; 
^ than is generally imagined; as it vqry smafl 
'^^' prc^rtion^ it sMoetimes affbtda a very peT- 
^^' feet soU. I shall illustrate my meaning by a 
•* few examples. 

<< Near Sandside^ in the county of Caitlni^, 
^ 4h^^ is >, # pH^ttjr exjtmsive^ phda onothe 6ca« 
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K^^ oi fertility. In dl seasons it produces a most 
^* luxuriant herbage, although it. never got any 
^manure since the creatipn, . and ha|S beai for 
.'^time immexiiorial subjected to the following 
i* course of cro|>s. 

^ ^< 1. Bear aftar once {)loughing, from gr^ss^ 
.? uauidly a good crop, 

y. .<<^. j^Bear» afi$r once ploughing a be|t^ 
" crop than the first. : ^ 

i:f*i>4j Bear» ,aft€ar> anice ploiigliwg^ 'a ; crop 
(fiequaLtoihe;fir&^ : . 
fi;i^*. :& jsrad 6. Njatural grass»f aa close. mi 
5^jriqb. as could be, ims^ginedr xnigl^ boi filt tf 
ditfce possessor: so inq^ed, and would yield an 
F^extJ^aordinaiy crop . of hay each year t :ai^ 
?< this tb^ fiamexoursei of cropping i^ resnewed* 
r *^ The soil that admits of . this singidar mode 
^fqfSmoihgf appears to be a pure incoherent 
1^8and» destitute of the smallest particle of ye^- 
-^fgetable mould }. but upon examination it is 
«^5 found to. consist almo^ entirely of broken 
i*iiheUtfr ;^ the &ie mould b^re bears such a small 
»¥:^prqportk>n; to the cal^ciieaw inatteTiA ay to be 
ff<fifc^oelyi.pe)i!;cc^tiibl^'£iaid: yet lit fwm the 
" most fertile sofl that ever I yet^niet with^*^ ^^^ 
,/ 'Slbisvvjd aiiticle 4n, the jGncyeiopaB- 

dia accQWitajfor. thiiJaistitit^ bg^^ 
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frdrn Its vicinity to the sea, * it derives its pxAi&dt 
powers from the salt waiter ; but by adverting to 
th6 principles I have laid down, a much more? 
probable arrangement and combination may be 
iSfuggested* In the first place, we may suppose 
that the mechanical texture of the soil and sub- 
sbli i$ such, and so situated, as not only to 
obtain a supply of fresh wftter; but to admit of,* 
Ismd ^dUitate, a constancy ascending and de- 
scending motion of such water; and that it^ 
^^micfal Constitution is such, as to facilitate the 
decomposition and reduction ^the f botft, teatves,* 
and stalks of the vegetables, regularly deprived 
dr lifi^, to a soluble state, without the process of 
pmpefticfimj and its consequent Um ixi ckt- 
buretted hydrogene gas, &p/ , 

'All calcare(^s earths may alike possess anti- 
septfc powers, tait all do not possess tiie capa- 
city of Operating so effectually as that here de- 
scribed, to supply the requisite motion, change, 
and quarrtity of water, by percolatiofi and capil- 
btty attraction, and conseqxiently no other can be 
equal in its fertility. ' '' 

Sit H. Davy has ^rert a' minute analyt^s imd 
desTcriptiim ibf almost every* Hind of soil, and 
explained ihe means of K^hemiieoi investigdfti^n; 
Bert; as, I think> what has beeasaid wifi be sujBS- 
cient to epfiUe eveiy pers<sm to fonn a pretty 
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correct judgment of the capacity and constitu- 
tion of soils, as adapted to the general purposes 
of husbandry ; I shall not enter more particu^ 
larly on this part of the subject, but must refer 
those who wish for such information, to his work 
on agricuUuraJi chemistry. 
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ON HAYMAKING. 

• ■ • - 

Having observed that in a season when there 
was no rain whatever, and the hay had been 
made with rapidity, and carted within a short 
time after it had been cut, that a greater quan- 
tity was destroyed and injured, by being over«- 
heated and burnt, than in a catching irregular 
season ; that when hay had not heated in the 
stack it was frequently mouldy ; that as hay lost 
its native green colour and approached a 
brown, it lost its nutritive qualities ; and that alto- 
gether, the making of hay, as usually conducted^ 
was a very precarious and teasing operation : I 
determined on trying to arrange a system. on 
some more regular and certain principles, in 
which I succeeded j and by adopting a certain 
and regular course of operations, was enabled 
to make my hay of a uniform good quality; and, 
let the weather be as it might, at a regular ex- 
pense of labour. And considering such a pro. 
cess not only of importance, as it ensures a 
more perfect quaKtyj but as it affords a more 
certain protection against the injuries usually 
consequent on the uncertainty of the weather. 
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^nd ove^rheating in the stack ; arid that it thus 
removes two great causes, of anxiety, it may be 
weD worth the public attention. 

In the first place, as to the state of the wea» 
ther^ it generally happens at this season of the 
yeari that there are three or four days rain and 
three or four days dry; therefore, on beginning 
to cut the grass, as it is well known that during 
wet weather grass may be cut, and suffered to 
remain* in the sxvarth for several days without 
injury ; and it being desirable^ where hands are 
plenty, to have a good quantity, or as much as 
will complete a stack in a day, in the same 
irtate of forwardness j I should prefer beginning 
to cut during the rsriny weather : however, be 
^is as it may, the swarths should not be opened 
but on a certain fine day; and when this i$ 
dbne^ the grass should be well shaken apart and 
equaHy spread over the ground. Ai^ isoon as the 
upper surfece is dry, turn it well over; and in 
this operationi great care should be taken to 
open and spread any cocks that may not have 
been divided in the first opening. This being 
done,* commence raking into wind*rows in time/ 
that the whole may be made into small cocks 
before night. The second day these cocks must 
ifernain untottcked, let the weather be wet or drjfi 
the third dAyj if the weather be certain and 

p 
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fine, throw the^cqcks^ fq)en j but if thcf wmiher 
be wet or tbri^dtemng, they vmy remaiu tiii<9 
other day, or until the weati^er is certain to be 
fine for the day. The eocka should then be 
tiiroMrn, aecordihg to the prc^, into beds of tiro 
ftr three rovaj and after three or four bours^ ex-* 
poflfure^ turned over ; atid taking time to gathei^ 
ijtxe whole into wind^rows and a)pk8 before nighty 
ht thifl cq^eration comatnence accordingly, and 
none he ttft open : the day after this, which in 
fine weather will be the fourth ; the cocks must 
^am remdm tmtoucked^ or not be opened^ iffhe* 
ther theweaih^ be wet or dty. On the Mb, w 
the nei^t dry day, these cocks will only require 
to be opened for an hour or two, when they will 
be fit for the stack. The novelly of this mode 
consii^s only in suffering the hay to remain^ m 
cock the second and ^rd, or alternate days; 
and at first sight it may appear that so much 
time in fine weather must hb lost, but this ia 
iK>t the case% Whilst tiie h^y remains in cocks, a^ 
s%ht formentation, or what is termed sweatings 
will take places and in cc«isequenc6, after it baa 
been opened on the third and fifth days, it, will 
prove to be just as forward as if it had been 
worked every day. And the advantages result* 
ing from this, are obviously the following : — \fy 
^<^teniDg the time of open exposure^ the co^ 



lour of the hay id more perfectly preserved, and 
consequently the quality; and the ferment^ 
ations» or sweating, Which take place in the 
c6(ik4y prove so mudi to havd diniinyied thai 
principle, or incUnation, as to prevent its heat^ 
ing injuriously in the stack j and the whole 
operation of makhigi whether it taked four dayH 
or eight, requires three days' labour only \ and 
the hay being left in that state every nighty in 
which it id the least possibly exposed to the in* 
juries of the weather, and in which it may re* 
main for a day or two in uncertain weather^ 
without i]:\)uriou3 exposure $ much painful anxi^ 
ety» and useless attendance of labourers, ar« 
obvisU^ed^ 
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ON PLANTING ORCHARDS AND MAKING CIDER, 

» 

By introducing the subject of cider, my ob- 
ject is not to enter into the history of the apple^ 
nor to discuss the merits of the different modes 
of making cider, nor to describe the vast variety 
of cider fruit ; but knowing that certain preju- 
dices and erroneous opinions exist, that much 
depreciate the value of that, which, when weH 
made, is a wholesome and delicious liquor ; and 
that such prejudices and opinions absolutely de- 
prive many districts of the profit and pleasure^ 
resulting from the growing and making good 
cider f I entertain the hope of being able to 
state such observations and facts, as will assist in 
removing those obstacles. 

In the &st place, it i» a general (pinion that 
the soil of those districta that are fitmous for 
good cider, such as Devonshire, Herefordshire,. 
Somersetshire, &c. is the grand cause of the 
superiority of their productions i but this is a» 
egregious error f it is by no means the case: the 
soil has little effect on the quality of the cider ; 
AS it is well known that in those counties, cele- 
brated for good cider, the piime ciders are 
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produced on soils of directly opposite quaJtities* 
However, to convince my neighbours of Wilt- 
shire, that the cause of their inftriority was. in 
their bad assortment of apples, and not in their 
soil or climate ; I, many years since, selected 
some apples of the sort there called the . cad-> 
berry, which grew in a very poor, shallow, 
black, gravelly soil, resting on a chalk subsoil; 
and made cider from them: and this cider 
proved, and was allowed by many good judges 
who tasted it, to be as rich, strong, and full^ 
bodied, as any that grew on the richest lands, 
or most famous districts. I also gathered ; from 
one tree of the sort called the golden . ducat, 
growing on a soil of the same description, forty 
bushels of apples, and these were made into 
cider, which, like the apple itself, proved to J>e a 
brilliant, sparkUng, delicious, vinous liquor. In 
the same orchard the greater part of the apples 
-were of the worst sorts, green, thin arUd sour ; 
And when mixed, made a thin sour cider.' I 
also, by way of demonstration, made cider from 
(various other fruits separately, and among the 
i rest^ of a gi*een hard apple, called the stone 
ipippin, which being well known to keep; well, 
and after long keeping, to ameliorate and be- 
;Come palatable ; I wished to prove if the cider 
also would improve by keeping : which it did 
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not^hm wa* always like the apple, thin tod soun 
Hence it mutrt be obvious, that as far as the soil 
h coneemed, the same sorts e^ apples grown in 
ahj- part of thl$ kingdom, wiU produce dder of 
equally good quality^ indeed, every person 
knowi^ that a nonpareil is a nonpareil, and a 
golden pippin, a golden pippin, in all places 
al^e I tb^ mily differeni:^ that can arise in the 
soil, is in the Mpply of moisture and manure ; 
the greatetr the simply of these the greater may 
be ihe quantity ; but tiie quality will be more 
a4ue6us, and of course less valuable* The quality 
vi^ be n^d^fly iilfluenced by the. climate and 
es^oiur^, m it may ssBsd the ripenings for the 
npef and dryer the fruity the riefaer and more 
spiidtuocis the cider ; and these things Vary in 
tfada: dffect on a|)p)es, as mii<;h in oiie cpufaty 
Bi another* 

Another very prevaiiing ophihm isi that a 
good eiattng apple cannot be a good dder appie; 
4nd that a good cider apple is iat to be ^eledced 
by its tiasle^ or effect oti the palate^ but this is 
equally erroneous. A person may not be dble to 
as^rt^n the estact specific gravity oi*the jtoce 
6f an iq^le by liM pakte ; hui the geneirdi 
tharacfer of an apple may be aMrnecdy aseei^ 
tained ; and the character or qualities of the 
cider, will always be found to prove very neaily 



tiie same as th^ apple. Tbus* » rpugli ^w^^ 
apple will give a rough e^eet cidl^r } a ^in #w^et 
ip^le, a thin a^eefc dder ; aad nA »cid #p4 9pur 
apple, an acid and sour isi^x % but gi^^«:aUy» tb^ 
roiigh asperitjr of an appte and th^ ^rojnatic 
flavor will remain in the pulp. 9X p^s o^fin &|> 
mentatuHi. Another erron^ug opinion is ^y^ 
yeiy generally prevent* that a mi^tur^ of 
apples xnaiu^ the h^9t cid^r \ hut as z^ /g^n^ral 
proposition, a simple liaw of the thing nua^t 
show its absurdity. If ther^ be a good dd^r 
appie, and a bad cider appl? ; how can an union 
of the bad, make tb^ good better ? The fact 
iSi fermentatijon pQ^s^^^f^ the greatest influence 
in deteraiining th^ qugJity of the cider; at^l it 
is a law of nature, that without a perfect vinous 
ierm^ntatioj], tb^re cannot be a perfect vinous 
liquor. Now it is well known, that two sorts of 
apples may be selected, the juice of one of which 
Hl^ill commence fermenting in twp or three days^ 
and thfkt of the other, not in less than eight or 
ten days. It must then be obvious, that as the 
early fermentation of the one, will force the 
backwardness of the other, and the ]ate fer- 
menting will check and retard the early, there 
can be no perfect fermentation with either; and 
consequently no perfect vinous liquor : and 
^hi$ principle will undoubtedly operate, with 
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the fruit from the same tree, as some must 
unavoidably be better ripened than others ; and 
therefore, in this case, if the ripest were selected 
and separately made into cider, the quaHty 
would prove superior to that made of those that 
were less ripe, or if made together. After cider 
is made, indeed, it may, by mixing, be made 
more suitable for peculiar, or general purposes, 
and thus be said to be better for mixing ; but 
mixing the apples must be a pernicious and un« 
profitable practice. 

The science of fermentation is most important 
to all who make cider, or wine, or beer; and 
those who wish for information on this subject, 
may find it in a valuable little book, by Mac- 
cuUock on wines. 

The health, duration, and prolificacy of apple* 
trees, as well as all other fruit-trees, are more 
dependent upon the subsoil than the surface^ 
soil; in planting trees, therefore, this requires 
more attention than is generally given to it. 
Healthy and prolific apple-trees will seldom be 
found where the subsoil is of a cold, tenacious, 
wet, and stagnating quality ; and whatever may 
be the nature of the surface-soil during very dry 
summers, the roots in search of water will delve 
deep into the subsoil, and having penetrated, 
however low, there they must remain j they 
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cannot get back again* In all cases, food se* 
lected deep in Ae soil, is aqueous and unvdible- 
some ; and if the water be stagnant, the roots 
canker and rot in the winter, which vitiates the 
81^ and tiius the tree becomes cankered and dis- 
eased; and a tree thus situated, although it may 
for the few first years produce fine fruit, and 
afterwards, generally produce strong fine shoots 
m the summer, these will become diseased, and 
pfien die in the winter or spring. The fruit, 
also, when a tree is in this state, is generally 
vftpid and imperfect and a "crop veiy un^ 
certain. 

. In planting orchards, therefore, it will be 
necessary, to ensure success, or permanent 
and progressive prolificacy; to guard against 
those casualties, by underdraining and supplying 
water on the surface, during very dry weather. 
But the most effectual mode wi|l be, in improper 
subsoils, to fbrm an artificial rock, as a found* 
ation on which to plant the trees, about a foot or 
a foot and a half underneath the surface of the 
soil, which may be easily done by removing the 
spil to the required deptii, and laying a kind of 
floor of stones, bricks, tiles, or slates, taking 
care that the joints be well closed or stopped 
with cement, that the roots may not penetrate, 
as a tree e:&tends; its roots, even ikrther than its 
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brashes. To make the foundation quite per* 
feet may be expensive, but it must be considered^ 
that the work thus. done is for ever done ; it will 
not require repairing: and the additional proli- 
ficacy of the trees, their healthy duration, and 
the. superior quality of the fruit, will make an 
ample return. However, where the expense of 
paving to a fuU extent cannot be afforded, . eveu 
three or four feet square immediately under the 
tree, will be a great protection : it will, at any 
rate, give a right direction to the roots in their 
first outset, and prevent the formation of tap- 
roots, which are bad things in fruit-trees. 

As the figure of a tree, or its shape and form, 
determines its powers pf sustaining weights on 
its branches, and of resisting the wind ; and its 
proUficacy, in a great measure, depends on the 
due and regular expansion and exposure of its 
branches equally to the influence of the sun 
and air, this should be attended to on its first 
formation or grafting. And if the following par- 
ticulars in the mode of managing it are attended 
to, they will be found to produce a tree of that 
shape and strength, that wiU be equal, in every 
respect, to its wants. 

Whether the tree be intended to be raised by 
inserting the graft near the ground, or at a 3uffi- 
ciient height to form a head i onjy. ope graft 
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should be permitted to remain ; and this should 
foe trained up, with a single stem, to the utmost 
height of its growth, and never stopM or cut 
back. The horizontal branches or head will then 
be found to form itself, by pushing out shoots 
immediately around the point of the year's per- 
pendicular shoot or stem ; and as this wUl be 
long or short, according to the soil and situation^ 
the horizontal tiers of branches will be at pro- 
portional and proper distances ; and thus the tree 
will assume the shape and growth of the fir or the 
wild cherry-tree. If any irregular shoots should 
push out on the sides of the stem, or too many 
horizontals, they may be removed. And if the 
perpendicular stem or leading shoot should be 
destroyed, one of the horizontals may be fixed 
up perpendicularly to fill its place, which it will 
soon do, and the knife will not be required to 
be used for any other purpose. A tree formed 
in this manner, will apply all the sap furnished 
by the roots to a profitable purpose j and as it 
will never be headed, or cut back, its progressive 
or annual increase wiU be effective. And, as I 
have before observed, it being a law of nature, 
that no tree shall bear fruit until it has obtained 
a surface of stalk, branches, and leaves, propor- 
tioned to the food it takes up, this law Will be 
fully supported; and the tree will attain the 
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fructiferous state at the earliest possible period. 
The practice of cutting back trees^ or topping 
off and shortening the branches, for the purpose 
of increadng its prolificacy, or of making it more 
healthy and strong, or of preventing premature 
exhaustion, is founded cm a most egregious 
error. Whilst the roots grow unchecked, they 
will continue to collect and supply the same 
quantity of food, whether a tree be permitted to 
assume its natural figure, and to extend itself in 
a proper direction $ or whether the branches be 
shortened every year, and it be thus compelled 
to form them in useless, shapeless clusters ^ the 
putting back, therefore, cannot prevent the tree 
exhausting itself, or the soil it grows in. And 
can it be supposed any one will hesitate which 
to choose, — whether the food collected by the 
roots shall be appropriated in the production of 
fruit ; or that of forming useless branches to be 
cut off and thrown away ; or if suffered to re- 
main, to overshadow and smother each other ? 



THE END, 



LoNDOK : 

IViuted by A. & R; Spottiswoode, 

If ew-Street- Square, 



4» 




W002070F 



II 



